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ABSTRACT 
APPLIED EPIDEMIOLOGY OF RHIZOCTONIA SPP. ON TURFGRASS 
SEPTEMBER, 1991 
LISA VALLENCOURT ROWLEY, B.S., UNIVERSITY OF MASSACHUSETTS 
M.S., UNIVERSITY OF MASSACHUSETTS 
Directed by Dr. Gail L. Schumann 
Rhizoctonia species cause brown patch, an important disease of highly 
maintained turfgrass. A survey conducted in western Massachusetts in the 
summers of 1989 and 1990 identified R. solani anastomosis group (AG) 2-2 as the 
predominate causal agent of brown patch at surveyed golf courses. Rhizoctonia 
solani AG 1, AG 4, and binucleate Rhizoctonia-like fungi (BRLF) were isolated 
less frequently. Pathogenicity tests on creeping bentgrass (Agrostis palustris cv. 
Penncross Huds.) revealed that the AGs varied in virulence. BRLF were 
nonpathogenic to weakly pathogenic. 
Two management technologies were studied with potential to improve 
timing and reduce the number of fungicide applications used to manage this 
disease. The first involved a predictive disease model based on environmental 
data collected during the summers of 1989 and 1990. The environmental 
parameters used to predict severe brown patch outbreaks are: (a) at least ten 
hours of relative humidity (RH) _> 95%, (b) mean and minimum air temperatures 
of 20 C and 15 C, respectively, (c) mean and minimum soil temperatures of 21 C 
and 18 C, respectively, and (d) precipitation/irrigation > 2.54 mm. The 
temperature parameters are measured during the 24 hours prior to the tenth hour 
IV 
of RH, and precipitation is measured during the 36 hours prior to the tenth hour 
of high RH. Environmental conditions were reproduced in growth chamber 
experiments, and the environmental parameters necessary for disease were 
confirmed. Modifications to the model are made when moist conditions are 
prolonged. Moderate infection risk environmental thresholds have also been 
determined that may be combined with rainfall forecasts for prediction of severe 
disease outbreaks. 
The second technology studied involved immunoassays to monitor 
pathogen activity. Two commercial immunoassays (a rapid field assay and a 
multiwell laboratory assay) were evaluated. Both pathogenic and nonpathogenic 
Rhizoctonias were detected. With improvement and stable sensitivity, 
immunoassay thresholds may be used in conjunction with the predictive disease 
model to aid in fungicide application decisions. The predictive disease model 
may be used to determine when fungicide applications need to be initiated. 
Subsequent application intervals may be extended by combining environmental 
disease prediction with confirmation of pathogen activity by the immunoassay. 
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CHAPTER I 
LITERATURE REVIEW 
Epidemiology of Rhizoctonia species in Turfgrass 
The imperfect Basidiomycete genus Rhizoctonia was first described by A.P. 
De Candolle in 1815 (Warcup and Talbot, 1966). Since then, species of 
Rhizoctonia. especially K. solani Kuhn, have been shown to incite seed and fruit 
decays, root rots, damping off, stem cankers and foliar diseases on many hosts 
worldwide (Menzies, 1965). Rhizoctonia species are also capable of surviving in 
the soil and on plant debris as saprophytes (Shurtleff et al., 1986). 
Brown patch is an important foliar disease on both cool- and warm-season 
turfgrasses (Martin and Lucas, 1983). This disease is prevalent on golf courses 
and other high maintenance turf areas, affecting the production, maintenance, and 
utilization of these areas (Hurd and Grisham, 1983). Brown patch was first 
described in 1914, and R. solani was identified as the sole causal agent in 1919 
(Piper and Coe, 1919). Rhizoctonia solani has been shown to affect more than 
100 species of grass (Hurd and Grisham, 1983). Over the years many researchers 
have studied its control and many aspects of its epidemiology. Recently, other 
species of Rhizoctonia have been implicated as additional causal agents of brown 
patch and related diseases (Smiley, 1987). In the last decade, a decision was 
made to refer to brown patch as Rhizoctonia blight since the term brown patch is 
too general and foliar blighting is the major symptom on all affected grasses 
(Smiley, 1987). 
Symptoms of brown patch on turfgrass vary. On close-cut turf, e.g. putting 
greens, fight brown somewhat circular patches occur ranging from 5 to 50 cm in 
diameter. Infected grass blades develop a water-soaked, dark brown to purplish 
appearance, eventually becoming blighted and turning light brown. Only the leaf 
blades are usually killed. If favorable environmental conditions prevail, a 1.25 to 
5 cm band of purplish-grey recently infected and wilted blades and greyish 
mycelium appear at the outer margin of the patch, forming the characteristic 
"smoke ring" symptom of brown patch. These symptoms and signs are usually 
visible in the early morning and disappear when the grass dries (Rowell, 1951; 
Shurtleff et al., 1986; Smiley, 1987). 
On higher-cut turf, such as fairways and lawns, circular brown sunken 
patches develop, sometimes forming "frog eyes", with green healthy grass in the 
center. These patches can be from 0.5 to 15 m in diameter (Shurtleff et al., 1986; 
Smiley, 1987). The "frog eye" symptom of brown patch can be easily confused 
with other turf diseases such as necrotic ring spot and summer patch (Shurtleff et 
al., 1986). Smoke rings are less common on higher-cut turf although dark 
mycelium may be visible in the early morning (Shurtleff et al., 1986; Smiley, 
1987). Only blades are killed in a light infection, with recovery of the affected 
area within 2 to 3 weeks. In severe infections, death of the affected plants may 
result (Rowell, 1951; Shurtleff et al., 1986). 
The symptoms of brown patch also vary with host species. On cool-season 
grasses, such as Kentucky bluegrass (Poa pratensis L.), tall fescue (Festuca 
arundinacea Schreb.), and perennial ryegrass (Lolium perenne L.) dull tan lesions 
appear on infected blades. Under favorable environmental conditions, irregular 
lesions develop reddish-brown margins and may expand to cover large areas of 
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the leaf blade, resulting in the death of the leaf (Luttrell, 1962; Smith et al., 
1989). Infection is most severe during summer (Couch et al., 1990). 
On warm-season grasses, such as zoysiagrass (Zovsia japonica Steud.), 
bermudagrass (Cvnodon dactvlon L.), centipedegrass (Eremochloa ophiuroides 
Munro), and St. Augustinegrass (Stenotaphrum secundatum Walt.), a dark 
purplish-brown rot of the lower area of leaf sheaths is characteristic of 
Rhizoctonia-infected grass. This leaf sheath rot may lead to a basal rot of the 
stem, resulting in the death of the plant. Cvnodon dactvlon may recover when 
the weather becomes favorable for the grass. Eremochloa ophiuroides and S. 
secundatum have a slow recovery that may carry over into the next growing 
season. Infection is most severe in the spring and fall (Couch et al., 1990; 
Haygood and Martin, 1987; Zummo and Plakidas, 1958). 
Creeping bentgrass (Agrostis palustris Huds.), used on putting greens, and 
colonial bentgrass (A. tenuis Sibth.) are most susceptible to brown patch. Annual 
bluegrass (Poa annua L.) and Cvnodon spp. L. are also highly susceptible. 
Lolium perenne L. and Festuca arundinacea Schreb., used in higher-cut turfgrass 
areas, are also very susceptible to brown patch. Fine fescues (Festuca spp.), Poa 
pratensis L., and coarser bluegrasses (Poa spp.) are the least susceptible higher- 
cut turfgrasses (Hummel et al., 1989; Shurtleff et al., 1986). 
Symptoms of brown patch vary with fertility, turfgrass cultivar, and soil 
moisture. Soil pH has no effect on R. solani since this fungus has the same pH 
requirement as the grass (Howard et al., 1951). Turf with an excessive nitrogen 
content is predisposed to brown patch development if favorable conditions exist. 
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Deficiencies in potassium and calcium also increase the potential for disease 
(Baker and Martinson, 1965). 
A range in soil moisture from 30 to 80% has been shown to be conducive 
to mycelial growth of R. solani. with 30% being optimal (Bloom and Couch, 
1960). Soil moisture greater than 80% may decrease the amount of aeration, 
resulting in less mycelial growth (Baker and Martinson, 1965). No significant 
differences in disease severity were found at the different soil moisture levels 
(Bloom and Couch, 1960). 
Rhizoctonia solani overwinters as bulbils in the thatch, in infected plant 
tissue, and in the top 1.25 cm of the soil (Shurtleff et al., 1986). Bulbils, which 
resemble sclerotia but differ due to the lack of a distinctive rind layer, are hard, 
melanized and circular masses of dormant hyphae, which are resistant to 
temperature extremes, drought and fungicides (Smiley, 1987). Germination of the 
bulbils can occur from 8 to 15 C, with the mycelia radiating outward, resulting in 
a circular patch. Infection usually occurs through stomata and mowing wounds, 
with stem and leaf tissue occasionally invaded directly. The lower leaves are the 
first to be infected. Intra- and intercellular hyphae grow throughout the tissue, 
resulting in discoloration and disintegration. Hyphae emanate outward from the 
leaf, spreading to others as long as free water or guttation water (rich in amino 
acids and sugars) is present. Hyphae are capable of halting and then resuming 
growth when adverse conditions are replaced with favorable conditions (Rowell, 
1951; Shurtleff et al., 1986; Smith et al., 1989). 
Inoculum of R. solani in the form of bulbils has the potential of surviving 
for many years. Saprophytic hyphae present in plant debris and in soil do not 
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possess the longevity that bulbils do (Baker and Martinson, 1965). Lower 
inoculum levels of R. solani exist during the spring, due to a lack of available 
nutrients. Inoculum increases over the summer, while R. solani is parasitic on 
turf and is disseminated by mowing. The highest levels are reached in the fall. 
Unfortunately, the inoculum levels have not yet been correlated with foliar 
disease levels due to the variation in virulence of different strains of R. solani 
(Martin et al., 1983). 
Favorable environmental conditions are necessary for brown patch to 
develop. An actively growing fungus, a wet dense stand of grass that is nitrogen 
rich, warm to hot temperatures and an extended leaf wetness period favor disease 
development. If any of these conditions is lacking, disease development will be 
reduced significantly (Shurtleff et al., 1986). 
Hot, humid weather has always been associated with the incidence of 
brown patch. In the 1930’s, two studies examined the environmental conditions 
favorable for brown patch. Both demonstrated that disease was dependent on 
warm, moist weather but a discrepancy arose over the conditions necessary to 
activate bulbils present in the soil. Dickinson (1930) reported that a brief low 
temperature period (18-20 C) followed by a rise in temperature to 23 to 32 C was 
necessary for bulbils of R. solani to germinate or to become active. He also 
maintained that if the temperature rises from a lower temperature to 18 to 20 C, 
8 to 10 hours are necessary for bulbil germination and mycelial growth to occur. 
Dahl (1933) found that bulbils did not require any decrease in temperature to 
stimulate germination except when cultures were kept at 36 C before and after 
chilling. He found that bulbils germinated as low as 8 to 12 C, with an optimal 
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rate of germination ranging from 28 to 32 C (Baker and Martinson, 1965; Kerr, 
1956). Dickinson (1930) stated that high relative humidity indirectly influenced 
the fungus, whereas Kerr (1956) asserted that high relative humidity was essential 
for the development of brown patch, confirming Shurtleffs (1953) suggestion that 
bulbils require a relative humidity of at least 98% in order to stimulate 
germination. 
Management of brown patch traditionally has been to use a preventative 
fungicide application followed by curative applications as needed. Other 
nonchemical approaches may be used, such as decreasing nitrogen fertilization 
and increasing phosphorus and potash applications during hot, humid weather 
conducive to brown patch. Good drainage, removal of dew, and improved air 
circulation also decrease the amount of water available to the fungus for growth 
(Smiley, 1987). Techniques have been developed for screening different grasses, 
for tolerance to brown patch (Allen et al., 1966). Brown patch resistant cultivars 
are available for some higher-cut turfgrasses, such as F. arundinacea and L. 
perenne. No brown patch resistance has been shown in any cultivars of Poa 
pratensis (Hummel et al., 1989). Results tend to be variable, depending on 
location, inoculum pressure, and environmental factors. 
In addition to R. solani. two other species of Rhizoctonia are responsible 
for inciting disease on turfgrass: R. cerealis Van der Hoeven and R. zeae 
Voorhees. Rhizoctonia cerealis causes yellow patch, also known as cool weather 
brown patch (Burpee, 1980b). It is active in moist cool weather (4-15 C) of fall 
and spring, attacking L. perenne and P. pratensis. Yellow patch is less common 
on Agrostis spp., F. arundinacea. Cvnodon spp., and Zovsia spp. Symptoms of 
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this disease are sunken frog eye patches surrounded by yellow-tan rings, ranging 
in size from a few centimeters to 1 m in diameter (Shurtleff et al., 1986). This 
disease resembles brown patch except that a smoke ring is never observed. 
Usually the outer leaves and sheaths are attacked. The infected plant parts turn 
yellow, giving the affected grass a chlorotic appearance, which lasts while the 
grass slowly recovers. If the crowns are attacked, death of the plant will result. 
The infected plants recover with a rise in temperature, which breaks the 
dormancy of the grass. The activity of the fungus is also halted with the rise in 
temperature (Smith et al., 1989). Little is known about the disease cycle except 
that R. cerealis survives adverse conditions as bulbils and mycelia in plant tissue. 
Decreasing nitrogen fertilization during spring and fall is a cultural control of this 
disease. There is little information about fungicide efficacy (Shurtleff et al., 
1986). 
Rhizoctonia zeae has recently been shown to cause sheath rot and foliar 
blight of warm-season turfgrasses, such as _S. secondatum and E. ophiuroides, and 
has been associated with brown patch on F. arundinacea (Haygood and Martin, 
1988 and 1990; Smith et al., 1989). Rhizoctonia zeae also causes root, foliar, ear, 
and stalk diseases of com, rye, and pearl millet (Smith et al., 1989). 
Rhizoctonia orvzae. an important pathogen of rice, has been isolated with 
R. zeae from rotted grass sheaths in the United States and New Zealand. 
Growth chamber experiments conducted by Haygood and Martin (1988) have 
shown JR. orvzae also to be capable of inducing sheath rot in S. secondatum and 
E. ophiuroides. In the past, R. orvzae was not considered to be an important 
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turfgrass pathogen (Smith et al., 1989). Information regarding the pathogenicity 
of these two pathogens on turfgrass species is incomplete. 
Binucleate Rhizoctonia spp., other than R. cerealis. have also been isolated 
from the leaves and crowns of grasses exhibiting brown patch symptoms (Burpee 
and Goulty, 1984). Pathogenicity studies were performed on centipedegrass and 
St. Augustinegrass using binucleate Rhizoctonia spp. Typical brown patch 
symptoms, such as discoloration and softening of the basal sheath, were not 
exhibited by either grass inoculated with the binucleate isolates. Instead, decline 
symptoms were observed (Haygood and Martin, 1990). From this, it has been 
concluded that binucleate Rhizoctonia spp. are weakly pathogenic or avirulent 
and do not augment the amount of disease. Binucleates are often isolated more 
frequently from symptomatic tissue than R. solani (Burpee and Goulty, 1984; 
Haygood and Martin, 1990). 
Burpee and Goulty (1984) suggest that the binucleate isolates may 
suppress R. solani by competing for leaf exudates, resulting in less disease, since 
the mechanism is neither hyperparasitism nor antibiosis. This suppression has the 
potential of being exploited as a biocontrol agent. 
Identification of Rhizoctonia spp. 
During the past three decades, much attention has been given to the 
identification of Rhizoctonia spp. Morphological characteristics of the monihoid 
(bead-like) cells and bulbils, their dimensions, perfect stage, and mycelial nuclear 
state have been used to differentiate between the species of Rhizoctonia (Ogoshi, 
1987; Parmeter et al., 1967; Tu et al., 1969; Tu and Kimbrough, 1978; Warcup 
and Talbot, 1966). Features present in R. solani include a multinuclear state in 
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young vegetative hyphae, a prominent dolipore septal apparatus, hyphal branching 
often at a right angle near the distal septum in young vegetative cells, a 
constriction in branching hyphae at the point of origin, some shade of brown 
pigmentation present in the mycelium, and Thanatephorus cucumeris (Frank) 
Donk as a perfect stage, often difficult to produce jn vitro. Other characteristics 
often present are monilioid cells, bulbils, hyphal diameter greater than 5 /xm, a 
rapid growth rate and pathogenicity. Clamp connections, conidia, undifferentiated 
bulbils (not containing a rind and medulla), pigments other than shades of brown, 
and rhizomorphs are never present (Moore, 1987; Ogoshi, 1987; Parmeter and 
Whitney, 1965; Sanders et al., 1978). 
Rhizoctonia cerealis has binucleate hyphae ranging from 2.4-6.0 /xm in 
diameter, is buff colored in culture, and has Ceratobasidium cereale as its 
teleomorph. Small, white to tan bulbils are produced (Burpee, 1980a and 1980b; 
Shurtleff et al., 1986; Smith et al., 1989). Rhizoctonia orvzae and R. zeae both 
possess multinucleate hyphae, similar temperature optima (>32 C) and growth 
characteristics, and Waitea circinata Warcup and Talbot as their teleomorphs 
(Martin, 1987; Martin and Lucas, 1983; Ogoshi, 1987; Smith et al., 1989). 
Rhizoctonia orvzae produces submerged salmon-orange bulbil masses of assorted 
sizes and shapes (Jones and Belmar, 1989; Martin and Lucas, 1984). Rhizoctonia 
zeae generates small spherical bulbils that range in color from cream to orange- 
red to dark brown at maturity. The hyphae are pink-red in vitro (Martin and 
Lucas, 1984). 
There is considerable variation among JR. solani isolates, which can be 
grouped according to pathogenicity, host range, symptomatology, hyphal growth 
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rate, temperature range, pigmentation, hyphal and bulbil characteristics (Joyner et 
al., 1977; Ogoshi, 1987). Anastomosis, or hyphal fusion, among isolates of the 
same genetic makeup, occurs in Ascomycetes, Basidiomycetes, and 
Deuteromycetes. This fusion is used to facilitate the grouping and identification 
of isolates of R. solani. It may be necessary in the formation of heterokaryons 
(Burpee, 1980a). Isolates of R. solani can be divided into anastomosis groups 
(AGs) on the basis of fusion that correspond to groups based on the 
characteristics described previously (Ogoshi, 1987). 
Anastomosis usually involves hyphal tips or young hyphal cells close to the 
tips (Parmeter et al., 1969). There are three types of fusion which may occur: 
perfect, imperfect, and contact (Kim and Yoshino, 1988). For perfect fusion to 
occur, actively growing hyphae within a 100 /xm distance secrete one or more 
attracting substances. Recognition and attraction occur if the hyphae are 
remotely compatible. The tip changes its direction of growth and elongates 
towards the other hypha and grows until physical contact is made. The hyphae 
cease growing, branch-like projections are formed, cell walls dissolve, and the 
protoplasms join (Ogoshi, 1987). Perfect fusion occurs between closely related 
strains (Kim and Yoshino, 1988). With imperfect fusion, dissolution of the cell 
walls occurs, but a cytoplasmic connection fails to be created, resulting in the 
death of anastomosed cells within 12-36 hours. This is known as a killing 
reaction (Flentje and Stretton, 1964; Ogoshi, 1987). Imperfect fusion occurs 
between less closely related strains (Kim and Yoshino, 1988). 
Contact can occur between two hyphae which attach firmly without cell 
wall fusion, with one of the hyphae occasionally swelling. This reaction occurs 
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between more distantly related strains (Flentje and Stretton, 1964; Kim and 
Yoshino, 1988). No reactions occur between unrelated strains (Flentje and 
Stretton, 1964). 
Currently, there are 14 AGs of R. solani known with the potential for 
more discoveries. These groups, based on anastomosis behavior, cultural 
appearance, and pathogenicity have worldwide distribution (Ogoshi, 1987). Two 
of the AGs are separated into intraspecific groups (ISGs). These additional 
designations aid with species and subspecies identification (Ogoshi, 1987). ISGs 
may represent noninterbreeding populations within genetically similar 
populations. Isolates that are categorized within the same AG but are grouped in 
a different ISG can anastomose only by imperfect fusion (Jones and Belmar, 
1989). ISGs of R. solani cannot be differentiated by their teleomorphs, with the 
result that researchers acknowledge R. solani as a distinct species separated into 
AGs and ISGs rather than as several species. AG 4 is the only exception since 
its teleomorph has three sterigmata on each basidium; other AGs have four 
sterigmata on each basidium (Ogoshi, 1987). 
AG 1 causes aboveground diseases, usually on leguminous and 
graminaceous plants, and is divided into three ISGs: 1-LA (sheath blight of rice), 
1-IB (web blight of rice and beans), and 1-IC (mildly virulent on pine, sugar beet, 
soybean, carrot, flax, etc.) (Anderson, 1982; Jones and Belmar, 1989; Sherwood, 
1969). AG 2-1 parasitizes crucifers, barley, flax, and rape and has been isolated 
from soil (Anderson, 1982; Naiki and Ui, 1978; Ogoshi, 1987). AG 2-2 111B 
attacks graminaceous plants, inciting brown patch of creeping bentgrass and 
sheath blight of mat rush (Martin and Lucas, 1984; Ogoshi, 1987). AG 2-2-IV 
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causes root rot of sugar beet and other chenopods. Fusion between 2-1 and 2-2 
is rare (Ogoshi, 1987). AG 3 attacks solanaceous plants, especially potato and 
other subterranean crops (Ogoshi, 1987; Sherwood, 1969). AG 4 induces disease 
at or near the soil surface on chenopods, leguminous, and solanaceous plants 
(.Anderson, 1982; Ogoshi, 1987; Sherwood, 1969). AG 5 has been isolated, 
usually from diseased legumes and soil (Ogoshi, 1987). AG 6 and AG 7 have 
been isolated only from soil. AG 8 has been isolated from wheat and AG 9 from 
potatoes (Carling and Leiner, 1986; Jones and Belmar, 1989). A bridging isolate, 
designated as AG BI, is capable of anastomosing with isolates of two or more 
AGs. AG BI may seldom fuse with members of AG 2-1, 3, and 6 and frequently 
fuse with 2-2 and 8 (Ogoshi, 1987). AG BI may be a subgroup of AG 2-2 
(Mordue et al., 1989). 
Martin and Lucas (1984) conducted a survey of turfgrasses infected with R. 
solani in North Carolina and found that brown patch was induced by AG 1 and 
AG 5 on tall fescue and by AG 1 and AG 2-2 on creeping bentgrass. AG 4 
caused damping off on red fescue and crown rot on perennial ryegrass and 
bermudagrass. Damping off symptoms on red fescue were induced by AG 5. A 
survey similar to the one conducted by Martin and Lucas was carried out in New 
Jersey. It was found that AG 2-2 was the major incitant of brown patch, with AG 
4 responsible to a lesser extent (K. A. Plumley, personal communication). In 
Texas and South Carolina, AG 2-2 was isolated from St. Augustinegrass and 
centipedegrass (Haygood and Martin, 1988; Hurd and Grisham, 1982). 
Many different strains of Rhizoctonia spp. may be responsible for inciting 
this important disease of highly managed turf grass areas. To date, surveys of 
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Khizocttmia spp. affecting turfgrass arc few with those conducted having been 
done in southern and mid-Atlantic regions, not in New Ungland (specifically 
Massachusetts) (Hurd and Grisham, 1983; Martin and Lucas, 1984; Sanders ct at, 
1978). It is important to know which AGs and ISGs of Rhizoctonia spp. attack 
turfgrasses in different regions to ensure that the appropriate management 
strategies may be employed (Jones and Bclmar, 1989; Martin and Lucas, 1984). 
In vitro studies have shown that different isolates of Rhizoctonia spp. may react 
differently to commonly used fungicides (Carling ct al., 1990; Christensen, 1979). 
Some fungicides give full, partial, or no protection and may even enhance the 
disease severity of the fungus, depending on which AG is responsible (Martin et 
al., 1984a and 1984b). Some herbicides also have been shown to directly affect 
disease severity and growth of Rhizoctonia spp. in vitro and in pot studies (Karr 
et al., 1979). Brown patch-resistant cultivars of close-cut turfgrass cannot be 
selected until the identification of the major AGs which incite the disease in 
different regions is completed. Uven if several AGs are present, which is usually 
the case, a resistant cultivar may be selected for the strain present in the greatest 
quantity (Ogoshi, 1987). 
Seven Ccratobasidium anastomosis groups (CAGs) that are distinct from 
_R. sol ani have been determined so far. Most of the members of these CAGs 
appear to belong to J<. cereal is. CAG 1 has been found to cause foliar chlorosis 
or blighting on creeping bentgrass or Kentucky bluegrass in the spring and fall. 
CAG 2 members have no specific patterns, being dissimilar with regard to 
infected plant parts, host, and geographic origin. CAG 3, CAG 4 and CAG 5 
parasitize the subterranean plant parts of 12 families and have brown pigmented 
13 
mycelia similar to R. solani. CAG 6 corresponds to R. munerati and CAG 7 to 
Ceratobasidium (Burpee et al., 1980). The concepts of CAGs and AGs may be 
useful for separating this species from other binucleate Rhizoctonia-like fungi 
(BRLF) and JR. solani. since some BRLF cause symptoms similar to JR. solani, but 
have been found to be mildly virulent compared to JR. solani and R. cerealis 
(Burpee, 1980a; Burpee and Goulty, 1984; Martin, 1988). 
Recently, anastomosis groups for JR. orvzae and JR. zeae were developed to 
aid in the identification of these fungi. Since both fungi share Waitea circinata as 
their teleomorph, these AGs are designated as WAG. Rhizoctonia orvzae and JR. 
zeae correspond to WAG-O and WAG-Z, respectively (Jones and Belmar, 1989). 
Other means of confirming anastomosis relationships of Rhizoctonia spp. 
have been developed using methods other than the characteristics discussed so 
far. These methods include electrophoresis of soluble proteins, DNA base 
composition (G+C content), DNA/DNA hybridization, and serological 
relationships (Adams and Butler, 1979; Ogoshi, 1987; Vilgalys, 1988). 
Use of Immunoassays to Monitor Rhizoctonia spp. in Turfgrass 
Techniques developed in biotechnology and molecular biology have 
increased the potential for investigating host-pathogen interactions, disease 
epidemiology, and disease detection in the field of plant pathology. While the 
biological methods previously available were slow and accurate, they were 
impractical for large scale use. Now, with new techniques such as enzyme-linked 
immunosorbent assays (ELISA), detection time has decreased, the sensitivity of 
ELISA is far greater than conventional immunoprecipitation methods, and the 
assays are easy to use. Antibodies have been developed for specific proteins and 
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nucleic acids of phytopathogenic viruses, bacteria, mycoplasma-like organisms, 
spiroplasmas, and fungi (Clark, 1981; Miller and Martin, 1988). 
The appearance of symptoms in a host is not a reliable indicator of the 
amount of disease, since the amount of pathogen may exceed the amount of 
visible symptoms. Symptom expression is variable in different species. Since 
ELISA is capable of detecting lower concentrations of plant pathogens than other 
methods, pathogen populations contained within plant tissue may be detected 
prior to symptom development. This feature makes it possible to monitor the 
pathogen population within a crop over time as it is affected by management 
practices and environmental conditions (Miller and Martin, 1988). To manage a 
disease, it is important to establish a disease threshold (Coakley, 1988). The 
pathogen levels detected may be quantified and used to create threshold levels 
for decisions in management strategies. The disease treatment, such as a 
fungicide application, may be implemented according to ELISA thresholds, 
possibly avoiding unnecessary treatments. Immunoassay kits may also be used to 
evaluate fungicide efficacy and residual activity (Anonymous, 1990; Miller, 1982). 
Commercial ELISA kits are available for diseases of certain agronomic 
crops, including three major diseases found on golf courses: dollar spot, Pythium 
blight, and brown patch (Rittenburg et al., 1988). The brown patch kit is capable 
of detecting AG 1, AG 2-2, AG 3, AG 4, AG 5, and CAG 1, but not WAG-O 
and WAG-Z. The mechanism involved in this kit is a double antibody sandwich 
reaction that is activated in microwells. The antigen (pathogen), contained within 
the test sample, is selectively caught and secured by a solid-phase antibody 
specific to the antigen. The enzyme-labeled specific antibody then reacts with the 
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antigen and the unreacted enzyme-labeled antibody is washed away. The 
remaining enzyme is assayed by adding a colored hydrolysate substrate (Clark, 
1981). The presence or absence of the antigen may be qualitatively assessed by 
the colorimetric reaction and the absorbance of the color intensity may be 
measured quantitatively. The absorbency values can be directly correlated to the 
amount of pathogen present (Miller et al., 1986). A shorter form of the ELISA is 
available for field use, which is based upon the same principle (Miller and 
Martin, 1988). ELISA, as well as other tests, cannot be 100% accurate due to 
false positives and false negatives, so results must be compared with those of 
another means of pathogen detection, such as microscopic examination of 
symptomatic grass and weather monitoring (Sutula et al., 1986). 
Environmental Models for Disease Prediction 
Recently, some concern has been expressed about whether extraneous 
fungicide applications pollute the environment, lead to resistance problems, and 
pose health hazards to the applicator. Methods to avoid unnecessary fungicide 
applications and improve efficacy are becoming increasingly popular (Anonymous, 
1990). As early as 1930, Dickinson recognized the need for a model to predict 
the occurrence of brown patch and suggested that the ability to forecast outbreaks 
could reduce the amount of fungicides needed to manage the disease. Dickinson 
(1930), Dahl (1933), and Kerr (1956) attempted to determine the conditions 
necessary for the development of brown patch using relatively primitive weather 
monitoring equipment. 
Environmental monitoring has become easier and more precise with the 
advent of sophisticated electronic instruments. Using this equipment. 
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computerized models based on air temperature, relative humidity, and duration of 
leaf wetness, have been developed for three turfgrass diseases: Pythium blight, 
dollar spot, and anthracnose (Danneberger et al., 1984; Hall, 1984; Nutter et al., 
1983). By monitoring local weather conditions, it is possible to generate a model 
that predicts the occurrence of brown patch and when preventative fungicide 
applications should be applied. While providing insight to pathogen activity, 
these computerized models do not consider the amount of inoculum, cultivar 
susceptibilities, fertility, and status of plants (Shane, 1990). 
In order to develop a model to predict disease, four criteria must be 
satisfied: the disease must become economically significant to reduce the quantity 
and quality of the crop, disease must vary between seasons, control measures 
must be available and economically feasible, and the disease must be weather 
dependent (Coakley, 1988). Accurate disease prediction models can be very 
valuable in determining the limiting factor of a disease as well as aiding 
understanding of the effect of climate on disease severity (Coakley, 1988). Kerr 
(1956) determined that 8 to 12 hours of high relative humidity or leaf wetness are 
necessary for infection by JR. solani to occur at 25 C. To develop a model for 
brown patch, the conditions necessary for infection, including variable air and soil 
temperatures during periods of leaf wetness or high relative humidity and the 
length of these periods, need to be determined. Unfortunately, leaf wetness is a 
critical meteorological parameter and is the most difficult to measure in the field 
(Coakley, 1988). 
In the variable summer climate encountered in New England, brown patch 
fungicide application intervals range from 14 to 30 days. Immunoassay 
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thresholds, coupled with an environmental model, could make it possible to 
predict when the first application of fungicide in a preventative program should 
be made and when reapplications and curative applications should be applied. It 
could be very beneficial to the applicator, the industry, and the environment to be 
able to predict when brown patch outbreaks may occur and to possibly decrease 
the number of fungicide applications used to manage this important disease. 
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CHAPTER H 
MATERIALS AND METHODS 
Field Sites 
An experimental plot at the University of Massachusetts Turfgrass 
Research Facility in South Deerfield, MA and fairways at three golf courses 
(Hickory Ridge Country Club and Amherst Golf Club in Amherst, MA and The 
Orchards Golf Course in South Hadley, MA) were monitored for the signs and 
symptoms of brown patch during the summers of 1989 and 1990. 
The experimental plot in South Deerfield is composed of "Penncross" 
creeping bentgrass, maintained under golf course putting green management 
conditions at 0.64 to 0.95 cm cutting height. It is located in full sun near the 
Connecticut River. 
At Hickory Ridge Country Club, the ninth and eighteenth fairways were 
monitored. They are composed of "Penncross" creeping bentgrass and annual 
bluegrass. The ninth fairway approach is bordered on two sides by trees and a 
stream. The eighteenth fairway approach is also located in full sun by a stream. 
At the Orchards Golf Course, the first and the sixth fairways were 
monitored. Perennial ryegrass and native bentgrasses comprise the first fairway 
at the Orchards Golf Course, which has a stand of trees adjacent to one side. 
The sixth fairway is composed of bentgrass, ryegrass, and annual bluegrass and is 
bordered by a dense stand of trees on two sides. The first fairway was only 
monitored during 1989. 
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At the Amherst Golf Club, the ninth fairway was monitored during 1990. 
The ninth fairway is comprised of ryegrass, red fescue, native bentgrass, annual 
bluegrass and Kentucky bluegrass and is bordered by trees on one side. All 
fairways were maintained at a cutting height of 1.27 cm. All areas had a history 
of brown patch. 
Rhizoctonia spp. Isolation and Identification 
Turfgrass samples exhibiting symptoms of brown patch were collected 
primarily from the field sites. Symptomatic grass blades were surface sterilized 
for thirty seconds in a 20% bleach solution, containing 2 drops of ’Tween-20, a 
wetting agent. The blades were blotted on filter paper and then placed on either 
Difco Bacto potato dextrose agar acidified with lactic acid (PDAL) or on 2% 
Difco Bacto water agar (WA) (Difco Laboratories, Detroit, MI). After one or 
two days the mycelia emanating from the grass blades which resembled 
Rhizoctonia spp. were transferred to PDAL plates. 
Nuclear State Determination 
Isolates were identified to species and anastomosis group based on 
morphological features and nuclear state. The nuclear state of each isolate was 
determined using the fluorescent DNA-binding fluorochrome 4’, 6’-diamidino-2- 
phenyl-indole (DAPI). Blocks (5x5 mm) of two day old cultures, grown on WA, 
were placed on a microscope slide, fixed with two drops of 3% formaldehyde for 
one minute, rinsed three times with deionized distilled water and blotted. Two 
drops of a 1 ppm DAPI solution were then placed on the agar blocks for 7-10 
minutes, rinsed three times and blotted. A coverslip was used to squash the 
block. Slides were viewed using a fluorescent microscope (Leitz Wetzlar Dialux 
20 
20, Germany) for nuclear state determination, either binucleate or multinucleate 
(K. Inagaki, personal communication; Martin, 1988). 
Anastomosis Group Identification 
After the nuclear state of each isolate was determined, the multinucleate 
isolates were further identified using anastomosis group tester isolates. 
Anastomosis was performed by placing a mycelial plug (8 mm dia.) from an 
actively growing isolate culture on a 2% WA plate (100 x 15 mm), surrounded by 
8 mm plugs of AG 1, AG 2-2, AG 3, AG 4, and AG 5. Four replicates per 
isolate were tested. Hyphae were stained briefly with lactophenol-cotton blue 
(1%) and rinsed with deionized distilled water when contact appeared to be 
made. The plate was placed directly on the microscope stage for observation at 
40x, lOQx, and 430x for confirmation of anastomosis (R. Stack, personal 
communication). Observation of at least three perfect fusions per replicate 
confirmed the AG identity of the isolate (Jones and Belmar, 1989). 
Lactophenol Test 
If an isolate failed to anastomose with all AGs, then a lactophenol test was 
performed to determine if the isolate belongs to WAG-O (R. orvzael or WAG-Z 
(R. zeae). A few drops of lactophenol were added to the mycelium of a young 
culture. If a dark brown pigment develops in 2 to 3 days, the isolate belongs to 
either WAG. No reaction will occur with R. solani and binucleate Rhizoctonia 
spp. (Martin, 1987). 
Hyphal Width Measurement 
Hyphal widths of each isolate were measured as an additional means of 
species identification. The isolates were grown for two days on WA. Hyphae 
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and were observed at lOOOx and measured using an eyepiece micrometer. The 
third cell from the hyphal tip was measured on ten hyphae of each isolate. 
Mycelial Growth Rates at Various Temperatures 
Binucleate isolates and those representative of each AG from different 
geographical locations were selected for pathogenicity and cultural studies. 
Mycelial plugs (8 mm dia.) removed from margins of actively growing cultures, 
were placed in the center of PDAL plates (100 x 15 mm). Three plates of each 
isolate were randomly arranged and stacked in columns of threes in darkened 
incubators at different temperatures (12, 22, and 28) to determine mycelial 
growth rates for each AG. Mycelial radial growth was measured (mm) every 24 
hr for eight days and at 10, 12, 14, 17, and 26 days. Colony characteristics such 
as presence of bulbils and colony pigmentation were evaluated during this time 
period (Bandy et al., 1984). Results were analyzed using Analysis of Variance 
(ANOVA) (SAS Institute, 1985) and Duncan’s multiple range test. 
Pathogenicity Experiments 
Grass Culture 
Pots (8x8x8 cm) of Kentucky bluegrass (P. pratensis L. cv. Baron) and 
"Penncross" creeping bentgrass, were grown in pasteurized sand culture, mown 
twice a week, and fertilized weekly with each pot receiving 40 ml of Hoagland’s 
solution (Hoagland and Amon, 1938). The seeding densities for Kentucky 
bluegrass and creeping bentgrass were 0.15 and 0.06 g/ 64 cm2 pot, respectively. 
The pots were placed in a mist house for two weeks and then placed in a 
greenhouse with southern exposure. After four to six weeks, the grass was ready 
for experimental use. 
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Inoculation of Turfgrass 
Inoculum was prepared by infesting sterile oats or winter rye grains with 
isolates of Rhizoctonia spp. The sterile grain was prepared in 250 ml Erlenmeyer 
flasks, containing 75 ml of grain and 125 ml of deionized, distilled water. The 
flasks were autoclaved twice for 30 minutes each time, with several hours elapsing 
between autoclavings. The sterile grain was inoculated with three 1 cm2 blocks of 
actively growing mycelium from a single isolate and incubated at room 
temperature for five days. 
Pots of grass were selected and randomly assigned to treatments. Prior to 
inoculation, the bentgrass was cut at 0.5 cm height, and Kentucky bluegrass was 
cut at 1.25 cm height. The pots were watered to saturation approximately twelve 
hours before inoculation with sterile grains infested with Rhizoctonia spp. (The 
actual placement and quantity of the inoculum is discussed below.) Each pot was 
sprayed fifteen times with an atomizer containing deionized distilled water, sealed 
within moistened ZiplocR bags to maintain a high relative humidity, and placed at 
specific temperatures in light controlled growth chambers, with a 14 hour day, 10 
hour night regime. 
Isolates selected on the basis of geographical location and cultural 
morphology were used in pathogenicity studies on "Penncross" creeping bentgrass. 
Pots were inoculated by placing five sterile grains, infested with the isolate to be 
tested, at crown height in the center of the pot (adapted from Sanders et al., 
1978). Isolates of R. solani evaluated belonged to AG 1, AG 2-2, and AG 4. 
Isolates of binucleate Rhizoctonia-like fungi (BRLF) were also evaluated. Pots 
were placed in incubators set at 12, 22, or 28 C, with a 14 hour day, 10 hour night 
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regime. Three pots per treatment were used. At three, five, and seven days, the 
pots were unbagged and the percent disease severity was visually estimated using 
a scale ranging from zero to ten, with 0 = no disease, 1 = 1-10% of the grass 
symptomatic, 2 = 11-20%, 3 = 21-30%, 4 = 31-40%, 5 = 41-50%, 6 = 51-60%, 7 
= 61-70%, 8 = 71-80%, 9 = 81-90%, and 10 = 91-100% (Sanders et aL, 1978). 
At day seven, samples of symptomatic grass blades were removed and the 
pathogen was reisolated using the isolation method described previously. This 
experiment was repeated once, and the results were analyzed using ANOVA 
Development of an Environmental Model 
The Envirocastefi (Neogen Food Tech Corporation, Tensing, MI) is a 
computerized weather station that monitors air and soil temperatures, relative 
humidity', leaf wetness, and precipitation. Data were recorded from May 20 until 
September 1 during 1989 and 1990. Measurements of all parameters were 
recorded every fifteen minutes with hourly averages calculated and stored. Daily 
weather summaries, degree day's and computerized disease model predictions 
were recorded. The Envirocaster" was positioned at the research site at the 
University of Massachusetts Turf grass Research Facility' in South Deerfield. The 
soil temperature probe was placed beneath the green at an approximate depth of 
5.1 cm. 
Weather data were analyzed for predictive environmental parameters. Air 
temperature and high relative humidity period duration were selected from the 
weather data obtained from the Envirocasteri for experimental confirmation of 
infection period requirements. Weather data associated with disease outbreaks 
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from both field seasons were used to develop the brown patch infection risk 
model. 
Infection Period Experiments 
Pots of Kentucky bluegrass and creeping bentgrass were selected and 
randomly assigned to treatments. The pots were inoculated with sterile winter 
rye grain infested with R. solani AG 2-2, by burying a single infested grain at the 
depth of 0.5 cm in at least two sites per pot. A total of eight replicates per 
treatment were established in two to five pots of grass. The pots of grass were 
prepared for incubation according to the protocol described previously and were 
placed in light controlled growth chambers under a constant temperature (20, 24, 
or 28 C). The pots at 20 and 24 C were unbagged after 5, 7, 8, 9, and 10 hr and 
remained unbagged throughout the experiment. Pots in the 28 C night treatment 
were unbagged after 7, 8, and 9 hr and remained unbagged throughout the 
experiment. The number of blighted blades per the number of blades with 
mycelium attached were evaluated at the time of unbagging and after 24 hours. 
This experiment was repeated once. 
Similar experiments were conducted using a diurnal temperature variation 
of a 28 C day and night temperatures of 12, 18, or 24 C (adapted from Martin 
and Lucas, 1983). The pots were placed in the growth chambers at the beginning 
of the ten hour dark period. The pots in the 12 and 18 C night treatments were 
unbagged after 10, 12, and 14 hr and remained unbagged throughout the 
experiment. The pots in the 24 C night treatment were unbagged after 8, 10, and 
12 hr and remained unbagged throughout the experiment. The pots were 
evaluated as described previously at the time of unbagging and after 24 hr. Two 
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pots per treatment and four samples within each pot were evaluated. This 
experiment was repeated once using pots of Kentucky bluegrass. Pots of creeping 
bentgrass were used as a comparison in one experiment to determine whether 
there were differences in infection period between the two types of grasses. 
Detection of Rhizoctonia spp. with Immunoassays 
Symptom observations and two types of commercial, double-antibody 
"sandwich" enzyme immunoassays were used to determine correlations between 
pathogen levels and pathogenicity and for monitoring pathogen levels to 
determine when fungicide application was necessary. Agri-Diagnostics™ 
(Cinnaminson, NJ) manufactures Reveal™ On-Site Detection Kits (a rapid assay) 
and multiwell Research Immunoassay Kits (a more sensitive assay) for use with 
brown patch in turfgrass. 
The field sites were monitored during in 1989 and 1990 from mid June 
through late August. The field sites were visited early in the morning before the 
grass was mown and the dew had evaporated when the weather conditions were 
thought to be conducive to brown patch. Samples of symptomatic and 
asymptomatic grass were examined for signs of Rhizoctonia spp. using a dissecting 
scope and a microscope. 
Samples of grass exhibiting brown patch symptoms from the various sites 
were used in the immunoassays. Isolations were also made from the samples on 
PDAL. Samples were extracted and processed using the Reveal™ On-Site 
Detection Kit protocol (Agri-Diagnostics™, Cinnaminson, NJ). 
The results of the Reveal™ rapid immunoassay are quantified with a hand¬ 
held absorbency meter. The reading is converted into a number that is 
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interpreted using a preliminary threshold table, distributed by Agri-Diagnostics™, 
which indicates the risk of disease as either low, medium, high, or extremely high 
and gives a suggested course of action. The low risk threshold indicates that 
either the pathogen is absent or the pathogen population is low and that the 
weather should be monitored and the area retested in three to seven days. The 
caution range corresponds to a sufficient pathogen population capable of causing 
disease if the appropriate weather conditions prevail. Additional areas should be 
monitored and checked in one to two days. The danger range indicates that a 
preventative fungicide program be enacted, the areas be retested within one to 
two days, and the weather monitored since the pathogen population is adequate 
for an outbreak. The extreme danger threshold indicates that symptoms should 
occur and that a curative fungicide program should be enacted. After three to 
five days the pathogen population should be checked with the immunoassay to 
determine the efficacy of the fungicide treatment (Figure 1). 
Comparison of Sensitivity Between the Two Immunoassays 
The extracted samples from infected turfgrass that were used in the rapid 
immunoassay were also used for the multiwell Research Immunoassay Kit to 
determine whether the results of the two immunoassays could be directly 
correlated. This assay was performed using antibody-coated microwells, according 
to the Agri-Diagnostics™ protocol. Samples were diluted to 1:10, 1:50, and 1:100 
with extraction buffer solution. The absorbency was read at 410 nm by a 
microplate reader (MR 600, Dynatech Labs Inc., Alexandria, VA). The mean 
absorbency at each dilution was calculated and compared with the rapid 
immunoassay reading. 
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Reveal Meter Units 
Ranges 
Low Risk 3 Caution l/7/I Danger Extreme 
Figure 1. Reveal™ rapid immunoassay threshold tables distributed in 
1989 and 1990 by Agri-Diagnostics™. 
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Multiwell Immunoassay Detection of Rhizoctonia spp. 
The ability of the multiwell immunoassay to detect the different 
Rhizoctonia spp. isolates was tested by using the same isolates used in the 
pathogenicity experiments. Mycelial plugs (8 mm dia.) were removed from the 
margin of actively growing isolate cultures (4 days old), ground on abrasive pads, 
and extracted in a test tube containing 2 ml of the extraction buffer solution, 
vortexed for 20 seconds, and processed using the protocol described previously for 
the multiwell immunoassay. The mean absorbency at each dilution for each 
isolate was calculated. The results were analyzed using ANOVA and Duncan’s 
multiple range test. 
Use of Rapid Immunoassays at Golf Courses 
Portions of the fairways at three golf courses were monitored for brown 
patch using the rapid immunoassay. These experimental areas were not sprayed 
with fungicides until the immunoassay kits indicated that a preventative fungicide 
application should be applied. Recommendations were given to the cooperators 
at the golf courses. It was their decision whether to apply a fungicide or not. 
Integrated Pest Management (IPM) Plots Experimental Design 
At the experimental site at the University of Massachusetts Turfgrass 
Research Facility in South Deerfield, plots were established to evaluate the use of 
moderate and high immunoassay thresholds for fungicide application decisions. 
Fungicides were not applied to control plots. The moderate threshold, which 
corresponds to the caution threshold (20) of the rapid immunoassay, was treated 
with a preventative application of chlorothalonil, at a rate equivalent to 4 oz/1000 
ft2 (6.26 kg a.i./ha). The high threshold (30) which corresponds to the danger 
29 
threshold of the rapid immunoassay, was treated with a curative application of 
chlorothalonil, at a rate equivalent to 6 oz/1000 ft2 (939 kg a.i./ha). The 
fungicide-treated plots received applications only when the immunoassay readings 
indicated to do so. Plots were 2 m x 3 m, with three replicates arranged in a 
randomized complete block design. 
Calculation of Disease Incidence 
During disease outbreaks, percent area infected was determined by 
measuring the radii of the patches. The formula for the area of an ellipse (area 
= 7rab, where a and b are the radii of each patch) was used since the patches 
were more elliptical than circular. In each treatment, the cumulative area of 
infected grass in each plot was divided by the total area of the plots, resulting in 
the percent area infected. 
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CHAPTER m 
RESULTS 
Rhizoctonia spp. Isolation and Identification 
During the summers of 1989 and 1990, 117 isolates of Rhizoctonia spp. 
were collected, primarily in western Massachusetts. Of these isolates, 88% were 
identified as multinucleate R. solani (n=103) and 12% as binucleate Rhizoctonia- 
like fungi (BRLF) (n=14). The multinucleate isolates were obtained during 
warmer weather conditions than were the BRLF. The multinucleate isolates were 
further identified to anastomosis group (AG). The BRLF were not identified 
using Ceratobasidium anastomosis groups. 
In 1989 and 1990, AG 2-2 was the predominant AG isolated, comprising 
65% of the isolates (n=76). Next in frequency was AG 1, which comprised 
16.2% of the isolates (n=19). Anastomosis groups 3 (n=l) and 4 (n=5) were 
also collected, comprising 0.8% and 4.3% of the isolates, respectively. Two 
isolates of a Rhizoctonia-like fungus (RLF) were also collected, comprising 1.7% 
of the total isolates collected (Figure 2). The RLF resemble the description of R. 
zeae. but the mycelia did not turn brown when lactophenol was applied. These 
isolates were not further identified. 
The research site at the University of Massachusetts Turf Research Facility 
at South Deerfield was infested predominantly with AG 2-2, as well as AG 1 and 
BRLF during the summers of 1989 and 1990. 
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Percent Isolated 
Rhizoctonia spp. 
Figure 2. Percent of Rhizoctonia spp. isolated during the summers of 
1989 and 1990 from turfgrass in western Massachusetts. BRLF = 
binucleate Rhizoctonia-1ike fungi; RLF = Rhizoctonia-1ike fungi. 117 
isolates total. 
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The fairways, tees, and greens at Hickory Ridge Country Club in South 
Amherst were infested primarily with AG 2-2 and AG 1 during the summers of 
1989 and 1990. 
Isolates of BRLF, AG 1, and AG 2-2 were obtained from Amherst Golf 
Club during the summer of 1990. 
The Orchards Golf Course in South Hadley was infested with BRLF, AG 
1, AG 2-2, and AG 4, as well as with a multinucleate RLF during the summers of 
1989 and 1990. 
BRLF, AG 1 and AG 2-2 were isolated from the Greenfield Country Club 
in July 1989. Dr. Robert Wick provided several isolates of AG 3 and AG 4 
isolated from turfgrass in eastern Massachusetts. 
Hyphal Widths 
Widths of the third hyphal cell from the apex were measured as an 
additional means of isolate identification. The mean hyphal width of R. solani 
isolates was 7.84 /im, with a minimum of 3.00 and a maximum of 12.00 /xm. 
Among the different AGs of R solani. there was much variation in hyphal width. 
The mean hyphal width of AG 1 was 6.54 /xm, with a minimum of 3.00 and 
maximum of 10.00 /xm. AG 2-2 had a mean hyphal width of 7.39 /xm, with a 
minimum of 4.00 and a maximum of 12.00 /xm. The mean hyphal width of AG 3 
was 10.80 /xm, with a minimum of 10.00 and maximum of 12.00 /xm. AG 4 had a 
mean hyphal width of 6.64 /xm, with a minimum of 5.00 and a maximum of 8.00 
/xm. The mean hyphal width of the RLF was 6.60 /xm with a 6.00 minimum width 
and a 8.00 /xm maximum width. The mean hyphal width of BRLF isolates was 
4.33 /xm, with a minimum of 3.00 and a maximum of 7.00 /xm (Table 1). 
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Table 1. Mean hyphal width of third cell from apex for Rhizoctonia spp. 
isolates collected on turfgrass primarily in western Massachusetts 
during 1989 and 1990. BRLF = binucleate Rhizoctonia-1ike fungi and RLF 
= multinucleate Rhizoctonia-1 ike fungi. 
Isolate Mean (um) Minimum Maximum 
R. solani (total) 7.84 3.00 12.00 
AG 1 6.54 3.00 10.00 
AG 2-2 7.39 4.00 12.00 
AG 3 10.80 10.00 12.00 
AG 4 6.64 5.00 8.00 
RLF 6.60 6.00 8.00 
BRLF 4.33 3.00 7.00 
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Effect of Temperature on Culture Morphology and Mycelial Growth Rate 
Culture morphology and mycelial growth rate varied among groups at 
different temperatures. BRLF isolates possess tannish-white, fluffy mycelia. 
When cultures were maintained at 12 C, small bulbils _<_ 1 mm were apparent by 
day 17, usually embedded close to the surface of the medium. The BRLF 
isolates had not entirely colonized the plates after 26 days. At 22 C, the BRLF 
isolates had colonized the entire surface of the plates after 4 to 6 days, and 
bulbils were apparent by day 12. At 28 C, 4 to 8 days were necessary for the 
isolates to completely colonize the plates with bulbils apparent by day 12. 
AG 1 has ivory mycelia with large bulbils that exude brown droplets. 
Bulbils range in size from 1 to 5 mm and usually begin to form at the center and 
edge of the plate. At 12 C, bulbils are apparent on the surface of the media 
after 8 days. AG 1 entirely colonized the plates after 6 to 8 days. At 22 C, AG 1 
isolates colonized the entire surface of the plates by days 2 to 3. Bulbils were 
apparent after 3 to 4 days. At 28 C, the isolates completely colonized the plates 
and formed bulbils within 3 days. 
AG 2-2 typically has fluffy, dark brown mycelium in a concentric ring 
pattern. Bulbils are formed throughout this growth pattern, usually on the surface 
or on aerial mycelia. They are usually _< 1 mm in diameter and seldom exude 
brown droplets. At 12 C, 10 to 12 days were required for complete colonization 
of the plate. Bulbil formation began after 12 to 14 days. At 22 C, 3 to 5 days 
were required to completely colonize the plates, with bulbils apparent 
by day 3. At 28 C, isolates of AG 2-2 colonized the entire surface of the plates 
in 3 to 4 days, with bulbils apparent by day 3. 
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AG 4 has multicolored mycelia of tan, white, and grey and has a feathery 
or powdery appearance. Bulbils form aerially, on the surface, or submerged in 
the culture medium. At 12 C, the plates were completely colonized after 10 to 12 
days and aerial bulbils were apparent by day 12. The plates were completely 
colonized within 3 to 4 days at 22 C. Wet bulbils were apparent on the surface 
or submerged also within 3 to 4 days. At 28 C, 3 to 5 days were required for 
complete plate colonization with bulbils apparent by day 4. 
Based on the number of days required for the different Rhizoctonia groups 
to completely colonize the plates, it appears that of the three temperatures 22 C 
is optimal for BRLF and AG 1. For AG 2-2 and AG 4 there appears to be little 
difference between 22 and 28 C. 
At 72 hr, mean radial growth was compared between two experiments. A 
one-way analysis of variance and Duncan’s multiple range tests (a=0.05) were 
performed to indicate significant differences between effects and AGs, 
respectively (Appendix A). In Experiment A, 10 isolates were observed, 
comprised of 2 representative isolates of AG 1, 3 of AG 2-2, 2 of AG 4, and 3 of 
BRLF. In Experiment B, 13 isolates were observed, comprised of 4 
representative isolates of AG 1, 4 of AG 2-2, 2 of AG 4, and 3 of BRLF. Results 
from both experiments indicate that isolates of AG 1 are capable of rapid growth 
at 12 C, whereas other AGs grew more slowly (Figure 3). At 22 and 28 C, BRLF 
isolates grew the most slowly. No significant difference in radial growth 
performance was found between isolates of AG 1, AG 2-2, and AG 4 at 28 C. A 
value of 42.5 mm is equivalent to complete colonization of the plate (Figures 4 
and 5). 
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Figure 3. Mean radial growth (mm) of four isolates of Rhizoctonia spp. 
included in pathogenicity experiments A and B after 72 hr incubation at 
12 C. Bars with the same letter are not significantly different by 
Duncan’s multiple range test (a=0.05). BRLF = binucleate Rhizoctonia- 
1 ike fungi. 
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Figure 4. Mean radial growth (mm) of four isolates of Rhizoctonia spp. 
included in pathogenicity experiments A and B after 72 hr incubation at 
22 C. Bars with the same letter are not significantly different by 
Duncan’s multiple range test (<*=0.05). BRLF = binucleate Rhizoctonia- 
1 ike fungi. 
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Figure 5. Mean radial growth (mm) of four isolates of Rhizoctonia spp. 
included in pathogenicity experiments A and B after 72 hr incubation at 
28 C. Bars with the same letter are not significantly different by 
Duncan’s multiple range test (a=0.05). BRLF = binucleate Rhizoctonia- 
1 ike fungi. 
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Pathogenicity Experiments 
Two pathogenicity experiments, A and B, were conducted. In Experiment 
A, 9 isolates were observed, comprised of 2 representative isolates of AG 1, 2 of 
AG 2-2, 2 of AG 4, and 3 of BRLF. In Experiment B, 13 isolates were observed, 
comprised of 4 representative isolates of AG 1, 4 of AG 2-2, 2 of AG 4, and 3 of 
BRLF. All isolates used in the pathogenicity test were reisolated from infected 
grass tissue and identified. 
At 22 and 28 C, symptoms incited by different AGs were similar, though 
some took longer to develop than others. Infected tissue took on a water-soaked 
appearance, brown liquid droplets were deposited on the blades, and blades 
turned dark greenish-brown within three days. The more virulent AGs (AG 1 
and AG 4) caused the grass to become matted and twisted within three days. 
After five days, pots of grass inoculated with AG 2-2 developed the same 
symptoms. At 12 C after seven days, only AG 1 was capable of inciting 
symptoms as previously mentioned. 
The BRLF were nonpathogenic to slightly pathogenic at 12, 22, and 28 C. 
Inoculated grass remained healthy looking with little mycelial growth. The BRLF 
and the control treatments were eliminated from the two-way ANOVA with 
repeated measures and single degree of freedom linear contrasts due to their low 
numbers since they obscured the interactions between AG 1, AG 2-2, and AG 4 
(Table 2). The data were separated by day to better compare the interactions 
between AGs. 
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Table 2. Mean disease severity caused by Rhizoctonia spp. in 
pathogenicity experiments A and B on creeping bentgrass at 12, 22, and 
28 C at days 3, 5, and 7. BRLF = binucleate Rhizoctonia-1ike fungus. 
Rating system: 0 = no disease 
12 C 
, 10 
EXDt. 3 5 7 
Control A 0 0 0 
B 0 0 0 
BRLF A 0 0 0.7 
B 0 0 0 
AG 1 A 0 4.5 7.5 
B 0 5.7 9.3 
AG 2-2 A 0 0.5 1.7 
B 0 0 0.2 
AG 4 A 0 0.8 1.7 
B 0 0.8 2.7 
100% disease. 
22 C 28 C 
3 5 7 3 5 7 
0 0 0 0 0 0 
0 0 0 0 0 0 
0.3 0.7 0.8 0.8 1.7 1.8 
0 0 0 0 0 0 
5.3 9.8 10.0 5.2 9.8 10.0 
7.8 10.0 10.0 7.5 10.0 10.0 
7.0 7.8 10.0 7.0 8.8 10.0 
5.3 9.4 10.0 6.1 10.0 10.0 
7.5 9.7 10.0 9.7 10.0 10.0 
8.2 10.0 10.0 9.8 10.0 10.0 
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Overall means were calculated for each day and indicated that disease 
severity was rated in a more conservative manner in pathogenicity experiment A 
than in B (Appendix B). 
After three days, no disease or mycelial growth was observed at 12 C. At 
22 and 28 C, AG 1, AG 2-2, and AG 4 incited at least 50% kill of the grass with 
AG 4 completely killing the grass at 28 C (Figure 6). 
After five days, AG 1 was significantly pathogenic at 12 C, with at least 
40% of the grass infected in both experiments. At 22 and 28 C, all AGs almost 
completely killed the grass. In experiment B at 28 C, all three AGs completely 
killed the grass (Figure 7). 
At day 7, all of the grass was completely killed by the 3 AGs at 22 and 28 
C. At 12 C, AG 1 infected more than 75% of the grass. AG 1 and AG 4 never 
infected more than 30% of the grass (Figure 8). 
Prediction of Brown Patch in Turfgrass Using Environmental Parameters 
The University of Massachusetts Turf Research Facility in South Deerfield 
was monitored for brown patch outbreaks during 1989 and 1990. In 1989, 
outbreaks of brown patch occurred from June 24-25 and July 8-11. Smoke ring 
and blighting symptoms were visible on July 18, 26, and 27, August 7-8, 14-18, 
and 23. 
Environmental conditions in 1990 were more conducive to extended 
periods of brown patch than in 1989. Smoke rings and blighting were visible 
from July 23-31, August 7-12, 14, 18-20, and 27. The last week of August was not 
carefully monitored, so symptoms may have been present a few days prior to 
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Temperature C 
Temperature C 
Figure 6. Mean disease severity of Rhizoctonia solani anastomosis groups (AG) 
at 12, 22, and 28 C, observed at day 3 in pathogenicity experiments A and B on 
creeping bentgrass. 
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Figure 7. Mean disease severity of Rhizoctonia solani anastomosis groups (AG) 
at 12, 22, and 28 C, observed at day 5 in pathogenicity experiments A and B on 
creeping bentgrass. 
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Figure 8. Mean disease severity of Rhizoctonia solani anastomosis 
groups (AG) at 12, 22, and 28 C, observed at day 7 in pathogenicity 
experiments A and B on creeping bentgrass. 
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August 27. Symptoms may also have been present during the afternoon prior to 
July 23. Smoke rings were present on July 21 at local golf courses. On several 
occasions smoke rings were observed to be enhanced by mid to late afternoon 
irrigation. 
Environmental conditions prior to each disease outbreak were analyzed. 
Key predictive environmental parameters were determined, including precipitation 
and/or irrigation, relative humidity (RH), and soil and air temperatures. 
Temperature parameters were measured during the 24 hour period before and 
including the tenth hour of RH_> 95%. Precipitation and/or irrigation was 
measured during the 36 hour period prior to the tenth hour of high RH. 
The following parameter thresholds have been identified as necessary for 
severe disease outbreaks: 
1) RH >. or equal to 95% for_> 10 hours; 
2) average air temperature > 20 C; 
3) minimum air temperature > 15 C; 
4) average soil temperature > 21 C; 
5) minimum soil temperature > 18 C; and 
6) precipitation and/or irrigation deposition > 2.54 mm. 
Because moisture plays such a critical role in disease development, severe 
disease is also predicted following heavy rainfall or during prolonged wet weather 
as follows: 
a) all previous thresholds are met except for the precipitation requirement 
and at least 15 mm of rain occurred in the previous 48 hours; or 
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b) the soil temperature thresholds are met, high RH lasts for at least 36 
hours, and rainfall exceeds 15 mm. 
The following parameter thresholds predict moderate infection risks: 
1) High RH and temperature thresholds are met but precipitation is < 
2.54 mm. 
2) High RH, precipitation, and 2 of the 4 temperature thresholds are met; 
3) High RH lasts for 10-36 hours, soil temperatures thresholds are met, 
and precipitation deposition is < 2.54 mm; 
4) High RH lasts at least 8 hours, soil and air temperature requirements 
are met, and precipitation is _> 2 mm; and 
5) High RH > 5 hours and other thresholds are met. 
Precipitation has been determined to be an important factor which can 
limit infection risk. Therefore, once a moderate infection risk has been 
predicted, the risk increases to a severe level if rain is predicted within 8 hr. 
When placed in the EnvirocasterR, this model can be accessed at any time 
and will issue an infection risk and a fungicide application recommendation. If 
the EnvirocasterR is accessed during a high RH episode, it indicates that one is in 
progress. If the RH drops below 95% for 2 hours or less, those hours are 
included in that high RH episode. If RH remains below 95% for more than 2 
hours, the high RH period is considered to have ended. 
Environmental data from 1989 and 1990 are presented in Appendices D 
and E along with symptom descriptions and infection risks. The model was 
derived from these data and was manipulated to fulfill possible conditions for 
predicting outbreaks. During both seasons, there were sporadic and short term 
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problems with the soil temperature probe. The leaf wetness meter could not be 
relied upon due to mechanical malfunctions and human interference. 
Infection Period Experiments 
To confirm parameter thresholds observed in the field, infection period 
experiments were conducted. In the growth chamber experiments, infection 
usually occurred on the leaf sheaths and progressed to blades, depending upon 
where the grass plant was located relative to the inoculum. Infected sheaths and 
blades developed a water-soaked appearance after 24 hours. Rhizoctonia solani 
AG 2-2 was isolated from both the leaf sheaths and blades. Other fungi were 
present in the pots of grass since the grass was not grown under sterile conditions, 
but were found to not be responsible for these symptoms. 
At constant temperatures of 20 and 24, with a 10 hour night and a 14 horn- 
day, infection begins after 9 hours of high RH, with symptoms often appearing 24 
hours later. At 28 C, infection begins after 8 hours of high RH (Table 3). 
Infection period experiments, which simulated a warm day and cool night, 
were conducted using a 14 hour day at 28 C and a 10 hour night at either 12, 18 
or 24 C. At 12 and 18 C, a 10 hour period of high relative humidity was 
necessary for infection to begin, with symptoms visible 24 hours later. An 8 hour 
period of high relative humidity is necessary for infection during a 24 C night 
(Table 4). 
Comparison of Sensitivity Between the Two Immunoassays 
The Agri-Diagnostics™ Reveal™ rapid immunoassay data from 1989 and 
1990 were compared. The 1989 Reveal™ kits proved to be relatively insensitive, 
so that the fungicide application thresholds provided by the manufacturer could 
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not be used. Reveal™ readings from turfgrass samples exhibiting various 
symptoms of brown patch ranged from 0 to 39, which indicated that there is too 
much variability in detection and sensitivity (Table 5). The kits were modified by 
the manufacturer and proved to be more sensitive in 1990 (Table 6). 
Using Rhizoctonia-infected turfgrass samples, the Agri-Diagnostics™ rapid 
immunoassay and multiwell ELISA kit results were compared. This proved to be 
impossible since there were substantial inconsistencies in both field seasons’ data 
(Figure 9). Initial detection of Rhizoctonia spp. from grass tissue was also 
inconsistent since there was no uniformity in the amount of sample used. 
Multiwell ELISA Detection of Rhizoctonia spp. 
The multiwell EliSAs were used to detect the presence of species of 
Rhizoctonia in plugs of mycelium removed from agar plates. Use of mycelial 
plugs allows standardization, providing that the same age culture and sample size 
is used. 
In Experiment A, a total six isolates were included, comprised of one 
representative isolate of AG 1, AG 2-2, and AG 4, and three isolates of BRLF. 
In Experiment B, a total of 13 different isolates were observed, comprised of 
four representative isolates of AG 1 and AG 2-2, two isolates of AG 4, and three 
isolates of BRLF. Samples were diluted with extraction buffer. Isolates that 
were included in the two pathogenicity experiments were also used in this assay, 
with positive and negative controls included for comparison. A highly significant 
one-way ANOVA and Duncan’s multiple range test (a = 0.05) indicate that the 
variation in mean absorbance of the AGs was very low, whereas, the variation of 
the mean absorbance of the BRLF was very high (Figure 10 and Appendix C). 
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Table 3. Results of infection period experiment using pots of Kentucky 
bluegrass incubated at either 20, 24, and 28 C. Data expressed as 
number of blades blighted per number of blades with mycelium attached. 
Number of Hours Bagged After 24 Hours 
TemD. 5 7 8 9 10 5 7 8 9 10 
20°C 0/10 0/5 0/15 0/25 0/9 0/38 0/50 0/31 0/20 0/15 
0/4 0/12 0/3 o/i 0/2 0/13 0/3 3/24 0/28 
0/2 0/1 3/24 0/21 
24°C 0/7 0/14 0/12 0/39 0/20 0/31 0/46 0/37 0/12 3/37 
0/14 0/20 0/18 0/2 0/4 0/10 0/20 3/26 0/12 
0/1 0/2 3/26 0/7 
28°C 0/12 0/18 1/25 0/20 0/23 
0/13 0/6 0/9 0/23 9/48 
8/46 
Table 4. Results of infection period experiment comparing pots of 
Kentucky bluegrass and creeping bentgrass incubated at 12, 18, or 24 C 
night, and 28 C day. Data expressed as number of blades blighted per 
number of blades with mycelium attached, (a = Kentucky bluegrass, b= 
creeping bentgrass). 
Number of Hours Bagged After 24 Hours 
TemD. 8 10 12 14 8 10 12 14 
12 C a 0/6 0/12 0/19 2/49 0/32 7/54 
b 0/5 0/11 0/17 8/52 11/49 14/51 
18 C a 0/11 0/29 0/37 4/39 7/50 9/49 
b 0/13 0/21 0/40 4/70 6/65 6/77 
24 C a 0/16 4/40 0/32 2/49 0/32 7/54 
b 0/16 0/23 0/40 9/74 16/77 29/104 
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Table 5. 1989 Reveal™ rapid immunoassay results from turfgrass 
exhibiting different brown patch symptoms and the infection risk 
interpreted from the threshold table provided by Agri-Diagnostics™. 
SvmDtom Reveal Number Infection Risk 
brown patch 0 low 
5 low 
6 low 
11 low 
29 moderate 
31 high 
37 high 
brown patch active mycelium 27 moderate 
smoke ring 23 moderate 
28 moderate 
31 high 
33 high 
-with active mycelium 24 moderate 
old smoke ring 11 low 
inside smoke ring 11 low 
outside smoke ring 28 moderate 
-with active mycelium 29 moderate 
-with blighted center 39 high 
water-soaked patches 16 low 
-with active mycelium 27 moderate 
51 
Table 6. 1990 Reveal™ rapid immunoassay results from turfgrass 
exhibiting different brown patch symptoms and the infection risk 
interpreted from the threshold table provided by Agri-Diagnostics™. 
Svmptom Reveal Number Infection Risk 
brown patch 20 moderate 
27 moderate 
44 very high 
72 very high 
smoke ring 18 low 
31 high 
48 very high 
61 very high 
80 very high 
100 very high 
-with active mycelium 36 high 
55 very high 
61 very high 
67 very high 
83 very high 
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Reveal Values 
Figure 9. Direct comparison between the Agri-Diagnostics™ Reveal™ 
rapid immunoassay and the more sensitive multiwell immunoassay, using 
infected turfgrass samples. Experiment A was performed in 1989 and 
Experiment B in 1990. A 1:50 dilution of sample to buffer extraction 
was used. Multiwell absorbance was read at 410 nm. 
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Figure 10. Mean absorbance values and standard deviations for 
immunoassays performed using mycelial plugs from four day old cultures 
of different isolate groups of Rhizoctonia spp. used in pathogenicity 
experiments A and B. Samples were diluted with extraction buffer at 
1:50 dilution of sample before absorbance readings. Absorbance was read 
at 410 nm. BRLF = binucleate Rhizoctonia-1 ike fungi. 
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These results indicate that the present ELISA test may detect both pathogenic 
and nonpathogenic isolates of Rhizoctnnia spp. 
Use of Immunoassay Thresholds at Golf Courses for 
Fungicide Application Decisions 
Sections of golf course fairway approaches at The Orchards Golf Course 
and Hickory Ridge Country Club received no fungicide applications for brown 
patch until the Reveal™ rapid immunoassay thresholds were met. The Reveal 
threshold was 30 meter units with conducive weather conditions forecast to 
prevail for the next few days. 
In 1989 at Hickory Ridge Country Club, portions of the fourth, ninth, and 
eighteenth fairways were monitored for brown patch. The experimental fairway 
approaches at Hickory Ridge Country Club were not treated with a fungicide 
(Reveal™ = 21 and 15), although it was recommended to the superintendent to 
do so on August 15 since the pathogen was active and conducive weather 
conditions were in the forecast. Brown patch symptoms developed on the ninth 
fairway, and smoke rings appeared on the eighteenth fairway. Two additional 
fungicide applications for brown patch management were made on the remaining 
fairways during the summer of 1989 (Table 7). 
In 1990, the fourth fairway was not monitored since little disease was 
present during the 1989 season. The experimental fairway approaches at Hickory 
Ridge Country Club were sprayed on July 25 (Reveal™ = 22, 34, and 74) and 
August 9 (Reveal™ = 26) with a preventative rate of fungicide. Three fungicide 
applications for brown patch were made on the remaining fairways during the 
summer of 1990, resulting in one fungicide application saved (Table 8). 
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In 1989, at The Orchards Golf Course, portions of the first and sixth 
fairway approaches were monitored for brown patch. The experimental fairway 
approaches received a fungicide application on July 21, even though the rapid 
Reveal™ immunoassay threshold had not been met. The immunoassay thresholds 
(Reveal™ = 41) were met and conducive weather conditions were forecast on 
August 15. A recommendation to apply fungicides was offered, but was not 
heeded. Brown patch symptoms developed the following day. The immunoassays 
indicated that only one fungicide application was necessary on August 15 on the 
experimental areas, compared to the three applications made on a calendar basis 
to the rest of the fairways (Table 9). 
In 1990 the first fairway was not monitored since little disease was present 
during the 1989 season. The sixth experimental fairway approach received only 
one recommended fungicide application for brown patch on August 10 (Reveal™ 
= 31 and 55). Treatment was recommended on July 24 (Reveal™ = 36), but the 
advise was not heeded. Brown patch-like symptoms were present. On June 18 
and July 4 and 18, the immunoassay thresholds were met, but the environmental 
conditions in the forecast were inappropriate. Three applications for brown patch 
were used on the rest of the fairways during the summer of 1990 (Table 10). 
The ninth fairway at the Amherst Golf Club was only monitored during 
the 1990 field season. Pathogen levels were monitored, and fungicide application 
recommendations were offered. These recommendations were not heeded, and 
the fairway was severely diseased with brown patch during July and August, with 
more infected than healthy grass apparent in a casual survey (Table 11). 
56 
</) 
3 
O 
*r" D 
O 
II 
CL. 
Q. nj 
a) ’ 
-a 
o . 
CD 
3 3 
ig 
O 
F oo 
>> S- 
00 cu 
03 r— 
Q--M as 
_ 3 rH 
5 ° r— 
3 OO f~S+-> o .3 cn 00 QC 
r n 4-> '-- +-> CO 
XJ CO 00 o 
3 -3 f-^r—1 Q_ 03 Q. - 
** r— 4_ 00 +-> -3-CQ 3 .—. to 
00 E QP -r- jEZ <— 
cn O —'CO D_ -O -O p ajp 
c >> 3 +-> —t CQ 3 03 cn cn cn 
X s- *«“ a a. —• o3 4- '— 3- 
(3 E CQ rt 03 
^ e 4-> > cd cd Q_ S_ D_ 
3 s_ CO O— CO -3 CO CO CQ O CQ 
s- o QJ +-> 
2-0 0 cn 
1— O) 3 CO 
03 OO 03 Cd 
Q)3 II 3 CO 
> -r- •r— LO 
cu ox a. "O <XJ 
Cd CQ 03 j3 
>> 03 >> +-> •» 
Cn S- O- Cd 03 00 1 <-H OO C\J i-h CO o «£> m oo 
00 O 5 r—1 1 tOr-iCM rH rH 
cn - 3. f- S- 
«—i O -3 r— -r— CO 
•r— O 03 03 C\J 
in 4-> 03 U_ c~ 
• 03 > +-> IOCJUD ONOHfJrHN 
r>. +-> q. 03 cn C\J CXI CXI CXJ CO 
03 cd 
a> d 
r— a3 3 03 cn ^3" in r— oo in co 
.a *o o +-> r—ICXIC\J<XJC\J^3-LnCO»—■«—< 
03 03 S- 03 i i i i i i i i i i 
l— E-Q Q ID h. ns (N. 00 00 00 00 00 
57 
T
ab
le
 
8
. 
19
90
 
R
ev
ea
l™
 r
e
a
d
in
g
s,
 
br
ow
n 
p
at
ch
 
sy
m
pt
om
s,
 
an
d 
fu
n
g
ic
id
e
 
a
p
p
li
c
a
ti
o
n
s 
m
ad
e 
a
t 
H
ic
k
o
ry
 
R
id
ge
 
C
o
u
n
tr
y
 
C
lu
b
, 
S
ou
th
 
A
m
h
er
st
, 
M
A.
 
SR
 
= 
sm
ok
e 
ri
n
g
(s
),
 
BP
 
= 
br
ow
n 
p
at
ch
, 
? 
BP
 
= 
u
n
c
e
rt
a
in
 
if
 
B
P.
 
R
ev
ea
l™
 R
ea
d
in
g
s 
F
ai
rw
ay
s 
C/3 
<D 
-C 
CJ 
-*-> 
03 
CL 
a) 
O) 
c 
03 
u 
o 
u 
o 
T3 
O) 
~o 
c 
a> 
o 
o 
0) 
c 
o 
T3 
<D 
-M 
03 
<D 
U 
cn 
03 * 
o 
c 
T3 
a) 
CL 
Q- 
03 
(U 
•D 
CJ 
03 
03 "O 
O 0) 
Q- CL 
CL CL 
03 03 
Q) Q) 
T3 ~0 
*r— 
o o 
03 03 
C C 
O O 
a) 
E 
03 
a> 
“O 
a> 
CO 
> 
T3 
03 
CO 
CO 
a) 
CO 
o 
03 
Q- 
~o 
a) 
CO ,- X 03 
-C rH sz <D -O O 
CO -4-> r—> r—s "■w* *—s +-> O 4-> cn 
a) GO -C -C JO co >3 CO i 
_c rH -M 4-> QZ -*-> rH E <h u 
o GO co CO CO 0) 
4-> <■> •» rH rH rH «* <D - -*-> 
03 -C -C -C -C • O) -C _C > -C 03 
CL -M -4-> -M -M s •» •JC -C _c ^ • c +-> -M r- +-» * 
03 03 03 03 -C -C -C 4-> -*-» -M JC -C — 03 03 +■> 03 
<D w w 4-» +-» -♦-> CO CO CO ■M -M T3 >—* «•—"• CJ ^ T3 
O) 03 03 03 rH rH 03 03 03 03 c 
C Q_ Ql_ CL. Q_ CL. '—-• *—>- ^ ^^q_ Q_ CL. Q_ 03 
03 CO co CO CO CO CO CO - CO 
u Q_ Q_ Q_ Q_ CL. QZ CL CL CL CiL or 
O c^* C-* c— 0-* c— CO CO CO CO CO CO CO CO CO o'— CO C^* co 
-C 
-M CO O OONO^t'tCVJfOCO 
CVJ *H rH rH 
C\J 
CVJ 
\ o 
co o n cr> 
co k ^ co lo 
<ON CO C\J CO 
fOCJOCdCVIH 
-m|cot-h i cooa^i-HCOO^-ooo^csjr^^^-Hcor^oojooa* 
031 ICVJ CJCsJ CJ CM CM CO (O to in CM (O OJ 
CD 
4-* 
03 
o 
in vo n (O n cor^cooo 
^»HrHC\JCMM-inrHrH»HrHCd 
I I I I I I I I I I I I 
VOVOVOVOVONNNNNNN 
HTfincooion 
CMCMCMCMCMncn^-mco 
I I I I I I I I I I 
Nrsrvr^rs.rN.NCococo 
r^. o> 
o> *H 
i i i 
co co co 
58 
d) n
o
t 
a
p
p
l
i
e
d
 
■O 
#» 
o XJ 
• 0) 
-O 
c ^ c 3 d) 
4- - E 
_ >> E 
32 CD o 
C ,_ o 
(TJ -Q 0) 
s- 
CO £= 
E _c o 
-f— 
-*f = 4-> 
Q- O 05 
E CO C u 
>» o •I— 
co „ •r— r— 
_ Cl) +-> CL 
, CO u CL 
CJ S- <C n3 
m 3 03 o . 
0-0 o- 
— m 
£ 4- CO -C 
5 •— 4“ »-• -M 
P O-i- —- CO 
C3 
JD c E 
00 -i— 3 E 
-*o 03 •r— 3 
s- +-> •i— 
O) (O i. d) f— 
cc a) O d) 
^ u u >> o 
^ s- c: E >» 
2* O 3 co E —• 
<u E d) 
*“ d) II O > d) 4-> 
r~ +-» -r— > co 
* t— c_ Q 4-» O- •r— <*✓ 
i— 03 CO E U 03 +-> 
03 4-> CD > 03 O Q- 
(U 03 C CO O- 03 03 
> -r— 
aj ci) •» ■O 
oc -a -c (TJ 
as u d) f 
O) E-P Cd co +-> 1 O CD O <—• CVJ 
00 03 >» co 1 
o> co a 2. h- 03 
«—• e r— 3 
o c 03 S- 
d) •r— +-> 
• +-> o > 03 CO O 1 o 1 1 O 
0> as S- d) Ll- r—H «—1 1 1 1 
a =q cc 
d) *r- 
d) ^3- lt> co 
S a +-> r*** c\j >d- co «—» i—• 
(0 ClQ- 03 i i i i i i 
J— fd 03 O oo oo 00 oo 
59 
T
ab
le
 
10
. 
19
90
 
R
ev
ea
l™
 r
e
a
d
in
g
s,
 
br
ow
n 
p
at
ch
 
sy
m
pt
om
s,
 
an
d 
fu
n
g
ic
id
e
 
a
p
p
li
c
a
ti
o
n
s 
m
ad
e 
a
t 
T
he
 
O
rc
h
ar
d
s 
G
o
lf
 
C
o
u
rs
e,
 
S
ou
th
 
H
ad
le
y
, 
M
A.
 
BP
 
= 
br
ow
n 
p
a
tc
h
, 
? 
BP
 
= 
u
n
c
e
rt
a
in
 
if
 
B
P,
 
SR
 
= 
sm
ok
e 
ri
n
g
s.
 
</> 
CD 
cO Q_ -O 
O. CO CD 
CD S- 1— 
CD cO CL 
C r— CL 
cO i— cO 
S- O 
o ~a +-> 
O 
s- s- c 
o o 
4- 4— 
•O 
-O -O CD 
CD CD -a 
*r— •»- c 
p— |— CD 
CL CL E 
CL Q. E *a 
CO CO O CD 
o •r~ 
CD CD CD f— 
-o -o s- CL 
•f— *r— a. 
CJ CJ £Z cO 
•i— »p— o 
CD CD •f— CD 
C C -*-> *a 
3 3 CO 
c 4- 4— CJ o 
o •r— •i— 
■r— o r^. r— CD 
+-> CM CM Q. £= 
o a. 3 
c co co CO E 4- 
3 
•r— 
r— 
CD E 
CO CJ 3 
CD 
jC E r— 
cj CD 
+-> CD CJ 
CO cO > >> 
CD CO CL, •r- E C E +■> •i- o CD CJ CD 
"O -M CD cO > 
CO O Q_ Q_ C Q. Q_ CL CL Q. Q_ a. *•— q_ o_ 
CD E CO CQ CO CO CO CQ CQ CQ CQ CQ •>+-> CQ CQ 
Q£ > s- QC CJ 
>> CO o-* o-* o O'* C-* C/) CO C* O-* £ 
►- CO 
r— 2 LO 
CO s- LO 
CD •r— <— 
> CO -M **3-OO^t- lOCONCONCMlflOCOCOinNCOfOCOOrH 1 ION 
CD U_ CO CM CO 1 CM •—i CO CO CM CO CM rH CO CO 1 CM CM 
Cd 
CD U)NCOO>CO CONOOQOrH^incOO ONcn 
+J f-1 iH i—1 rH CM ^ LO r—1 r—i r—i i—1 CM CM CM CM CM CO O’ LO 00 O'* >“1 rH i—t 
cO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 
^ovocoioioivNrvhsi>NNrst>Ni^r-»i^rvcococoo3coooco 
60 
T
ab
le
 
11
. 
19
90
 
R
ev
ea
l™
 r
ea
d
in
g
s 
an
d 
br
ow
n 
p
at
ch
 
sy
m
pt
om
s 
o
b
se
rv
ed
 
a
t 
th
e 
A
m
he
rs
t 
G
o
lf
 
C
lu
b
, 
A
m
h
er
st
, 
M
A
. 
B
P 
= 
br
ow
n 
p
at
ch
, 
? 
BP
 
= 
u
n
c
e
rt
a
in
 
if
 
B
P,
 
SR
 
= 
sm
ok
e 
ri
n
g
s.
 
o 
4-1 
CO 
a. 
2 
o 
s- 
-Q 
s- 
o 
CO 
>) 
03 
2 
S- 
03 
03 
CD 
S- 
4-> 
00 
CD 
o 
-o 
CD 
-o 
c 
CD 
4-> 
c 
s- 
CD 
Q. 
00 
CT> 
TO 
03 
CD 
Od 
CO 
E o 
4-> Q|Q_ 
E CQ 
>4 
c/> 
00 
CO 
03 
s- 
CD 
■u 
CD 4-J 
4-> 
03 
o o 
CD CD O O 
>> >» 
CD CD 
> > 
4-1 U 
03 
O 
03 
CD O 
>> 
CD 
> 
4—1 
o 
03 
Q_ Q_ Q_ CL, 
CQ CQ CO CQ 
0-0- Q_ Od QC QC QC QC Od 
<v.. COCQO-.CQGOGOCOGOGOCO 
z h- 
>> 
03 
r— 2 
03 S- 
CD <— > 03 4-> 
CD U. cn 
OC 
D
at
e 
r— LO 
cvjcoooco^-ocxjcsjcvjrorHOO^- 
tncsj c\j n hs co co co 
CO 
CO 
r— co co nco wo-—tcvi^i-cs 
rH rH fvi ^ rH rH r—tCVJCSJCVJCMCVJ^-LOOO 
I I I I I I I I I I I I I I I 
CO CD CO N N N N I— I— I—- I— I— C0C0C0 
CO 
61 
8
-9
 
67
 
SR
, 
a
c
ti
v
e
 
m
yc
el
iu
m
 
Use of Immunoassay Thresholds at Integrated Pest Management 
(IPM) Plots for Fungicide Application Decisions 
The preventative and curative treatment plots located at the University of 
Massachusetts Turf Research Facility in South Deerfield were monitored for 
brown patch symptoms during appropriate weather conditions. These treatments 
received fungicide applications with appropriate rates of chlorothalonil based on 
Reveal™ rapid immunoassay thresholds. 
The summer of 1989 was a poor season for brown patch at the University 
of Massachusetts Turf Research Facility. The plots were apparently located on a 
section of the green that had a low population of Rhizoctonia spp., resulting in 
plots devoid of symptoms. Elsewhere on the green, brown patch was present. 
Thresholds used for the preventative and curative treatments were 20 and 30, 
respectively. The preventative and curative treatment plots were initially treated 
on June 27 to establish a baseline threshold. Fungicide applications were made 
to the preventative plots on August 4 and August 15, and to the curative plots 
only on August 15, as indicated by the immunoassay thresholds. The final 
application was incorrectly applied, resulting in the control plots being treated. 
The preventative treatment plots received three fungicide applications, and the 
curative treatment plots received two applications. Both treated plots received 
the same total amount of fungicides (18.78 kg a.i./ha) during 1989, because the 
applications were applied at different rates. 
In 1990, the plots were relocated to a heavily infested section of the green. 
The same thresholds were used as in 1989. The preventative treatment plots 
received three fungicide applications (June 19, July 20, and August 9), and the 
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curative treatment plots received two fungicide applications (July 20 and August 
9) based on immunoassay thresholds (Table 12). The curative treatment was not 
applied on July 5 despite threshold readings because the forecast for the next few 
days was not appropriate. Both treatments received the same total amount of 
fungicides (18.78 kg a.i./ha) during 1990. 
The control plots had brown patch from July 26-31 and August 8-14. The 
mean percent of diseased area in the control plots was 6.74%, which would be 
considered unacceptable on a typical golf course. Disease appeared in the 
preventative and curative treatment plots during 10 days in mid-August. Both the 
preventative and curative treatment plots sustained a mean percent infection of 
0.24% (Figure 11). 
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Figure 11. Mean percent infection of creeping bentgrass by Rhizoctonia 
spp. in I PM plots in 1990 at the University of Massachusetts Turf 
Research Facility in South Deerfield. Preventative and curative 
treatments were applied on July 20 and August 9. The control treatment 
remained untreated. 
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CHAPTER IV 
DISCUSSION 
Biology of Rhizoctonia spp. Isolated from Turfgrass in Western Massachusetts 
Results from the survey of golf courses in western Massachusetts indicate 
that the most common anastomosis group (AG) of R. solani is AG 2-2. AG 1 
and AG 4 were isolated less frequently. These three AGs are responsible for 
warm weather brown patch, inciting a foliar blight on highly managed turfgrass. 
Binucleate Rhizoctonia-like fungi (BRLF) were also isolated, often in cooler 
weather. Brown patch surveys conducted in other regions of the U. S. have also 
determined AG 2-2 as the major causal agent (Haygood and Martin, 1988; Hurd 
and Grisham, 1982; Martin and Lucas, 1984; K. A. Plumley, personal 
communication). No other surveys of Rhizoctonia spp. on turfgrass have been 
conducted in New England. 
Hyphal width measurements of isolates obtained in this survey correspond 
with other published values (Burpee, 1980a; Hurd and Grisham, 1982). BRLF 
have hyphal widths of 5 /lim or less. Rhizoctonia solani and other multinucleate 
Rhizoctonias have hyphal widths greater than 5 /im. Only AG 2-2 and BRLF 
were included in the study conducted by Hurd and Grisham (1982). Burpee 
(1980a) listed his and other published values for hyphal widths of AG 1, AG 4, R. 
orvzae. and R,. cerealis. 
Radial growth studies on PDAL medium indicated that AG 1 is capable of 
more rapid growth at 12 C than AG 2-2, AG 4 or BRLF. At 22 and 28 C, there 
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was no significant difference in radial growth among AG 1, AG 2-2, and AG 4. 
Radial growth of BRLF was significantly less than all AGs at 22 and 28 C. 
The pathogenicity experiment results are consistent with the results of the 
growth rate studies. At 12 C, AG 1 was the most virulent to creeping bentgrass. 
After three days at 22 C, all three AGs were very virulent, with AG 4 being 
slightly more virulent. AG 4 was the most virulent after 3 days at 28 C. 
Fortunately, this strain of _R. solani is not widely distributed in western 
Massachusetts. It is possible that if AG 4 were more widely distributed, brown 
patch would be a more devastating disease. At 22 and 28 C, AG 1 and AG 2-2 
are also very virulent. In the field, AG 4 and AG 1 may be poor competitors 
since they were isolated less frequently than AG 2-2. Martin and Lucas (1984) 
conducted a pathogenicity test on many different cool-season turfgrasses, 
including creeping bentgrass, at much higher temperatures. They found that AG 
1 and AG 2-2 were more pathogenic to creeping bentgrass than the isolate of AG 
4. 
At all three temperatures, BRLF proved to be at most weakly pathogenic 
to creeping bentgrass, as had been previously reported by Burpee and Goulty 
(1984) and Haygood and Martin (1990). These studies suggest that BRLF may 
have a role as secondary pathogens. Burpee and Goulty (1984) have also 
suggested that BRLF may have the potential of being utilized in biocontrol. 
More research needs to be conducted addressing the role of BRLF in 
pathogenesis. 
As mentioned in Chapter I, it is important to know which types of 
Rhiznntorria spp. are present in different regions to ensure that the appropriate 
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management strategies may be employed (Jones and Belmar, 1989; Martin and 
Lucas, 1984). Varying degrees of sensitivity or resistance to pesticides may occur 
among the different Rhizoctonias present on turfgrass (Carling et al, 1990; 
Christensen, 1979; Karr et al., 1979; Martin et al., 1984). Also, their identity is 
important in the selection of brown patch-resistant cultivars of highly maintained 
turfgrass. It is clear that several AGs of R. solani and BRLF may be present in 
turfgrass in western Massachusetts, and they may vary significantly in virulence 
and temperature requirements for growth (Hurd and Grisham, 1983; Martin and 
Lucas, 1984). 
Development of Predictive Environmental Disease Model 
Baker and Martinson (1965), among other researchers, recognized that for 
a foliar disease such as brown patch, short periods of optimal conditions for 
disease development are necessary. These periods involve several environmental 
parameters. A preliminary predictive model for brown patch outbreaks was 
developed based on environmental field data and growth chamber experiments 
conducted in 1989 and 1990. It will be tested and modified as needed in 
Massachusetts and in other regions. The key environmental parameters identified 
in brown patch development were mean and minimum air and soil temperatures, 
a significant precipitation event, and a 10 hour period of continuous RH of 95% 
or greater. No correlation with maximum air and/or soil temperatures with 
brown patch was observed. In addition, significant soil moisture is necessary for 
severe disease outbreaks. Rowell (1951) reported that R. solani ceases 
saprophytic and parasitic growth when the minimum temperature dropped below 
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21.1 C, which corresponds with the temperature thresholds of the brown patch 
predictive model. 
Cool soil temperatures in spring may prevent warm weather brown patch 
development even though other environmental conditions such as air 
temperature, relative humidity and leaf wetness are conducive. The mean and 
minimum soil temperature thresholds may be used to activate the brown patch 
model at the beginning of the summer season. In South Deerfield in 1989 and 
1990, the soil temperature did not meet the thresholds until June 19 in 1989 and 
June 20 in 1990. 
Differences in soil temperature may account for the variability of AGs 
present in different locations and at different times of the year. Studies with 
potatoes have shown that AG 3 is more prevalent in cooler climates and AG 4 in 
warmer climates (Anguiz and Martin, 1989; Carling and Leiner, 1990). On 
strawberries, R. fragariae AG G is more virulent in warmer soil and R. fragariae 
AG I is more virulent in cooler soil (LaMondia and Martin, 1989). On turfgrass, 
severe disease can occur when moisture and soil temperature thresholds are met 
even if air temperatures are cool. 
The effect of temperature on disease development may include factors in 
addition to mycelial growth rate. Husain and McKeen (1963) discovered that at 
different temperatures strawberry roots give off exudates containing different 
amino acids and sugars, which serve as attractants to mycelia. It was not 
determined whether there was an uncontrolled leakage of exudates or if they are 
an essential part of root metabolism that is directly affected by temperature. The 
release of these compounds may explain the difference in pathogenicity of R. 
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fragariae at high and low temperatures. One may postulate that turfgrass roots 
behave as strawberry roots do by releasing exudates at different temperatures, 
thereby releasing certain nutrients which favor the growth of certain Rhizoctonias. 
The effect of nutrient availability and temperature on bulbil germination in the 
spring may also partially explain why brown patch is not a problem at this time of 
the year. 
The significant precipitation required by the model is considered to be the 
most important predictive parameter since it often determines whether the risk of 
infection is moderate or high. In 1989, there were fewer brown patch episodes 
than in 1990 at the University of Massachusetts Turf Research Facility in South 
Deerfield. This may be explained by the fact that more precipitation was 
deposited in June 1989 than in June 1990, at the field site. In July 1989, there 
were two brief brown patch episodes, which could be due to the limited amount 
of precipitation received, whereas in July 1990 there was an extensive outbreak of 
brown patch during the entire last week of July and a substantial amount of 
precipitation. In August 1989 and 1990, there were more extensive brown patch 
outbreaks perhaps due to the substantial amount of precipitation received (Figure 
12 and Appendices D and E). 
Other predictive turfgrass disease models monitor duration of leaf wetness 
or high RH (Danneberger et al., 1984; Hall, 1983; Nutter et al., 1983). Leaf 
wetness is a critical environmental parameter for disease development and is the 
most difficult to accurately measure in the field (Coakley, 1988). Unfortunately, 
human factors, such as replacement of the leaf wetness meter after mowing or 
damage by mowing, made the meter difficult to use. The meter also did not 
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Precipitation (mm) 
350 
May June July August 
Figure 12. Precipitation measured from May 20 through August 31 at the 
University of Massachusetts Turf Research Facility in South Deerfield in 
1989 and 1990. 
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accurately reflect the evaporation of moisture from the turfgrass blades. 
Therefore, high RH was substituted for leaf wetness as a predictive parameter. 
Results of infection period experiments were conducted in growth chambers 
confirmed the high RH threshold requirements of the environmental model and 
correspond to infection period results at 25 C reported by Kerr (1956). Kentucky 
bluegrass and creeping bentgrass are both susceptible to brown patch. 
The infection period experiments suggest the minimum number of hours 
required for infection at different temperatures. The experimental conditions 
cannot be directly compared to conditions encountered in the field where the 
pathogen interactions with soil microflora and environmental conditions are more 
variable. Also, the pots of grass were not uniformly dense, which adds to the 
variation between and within experiments. AG 2-2 was selected for this study on 
the basis of its prevalence in turfgrass. Further tests using AG 1 might be useful 
since it is more virulent at a wider temperature range. 
Use of Rapid Immunoassay for Fungicide Application Decisions 
Since these rapid immunoassays are still in the developmental stage, 
extensive evaluation is lacking. Evaluations during 1989 determined that the 
assay sensitivity was inadequate for reliable use of preliminary thresholds. 
Symptomatic turfgrass was used to test the kits, resulting in wide variation in the 
results. 
The Reveal™ rapid immunoassay was directly compared with the more 
sensitive multiwell ELISA, using the same infected turfgrass samples. It was 
found that for both 1989 and 1990 the rapid immunoassays could not be directly 
compared due to wide variation in the insensitive rapid immunoassay results. 
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When mycelial plugs from cultures of Rhizoctonia isolates were tested 
using the multiwell ELISA, it was found that this immunoassay is not appropriate 
for initial detection of pathogenic Rhizoctonias since nonpathogenic BRLF were 
also detected. The BRLF isolates with high absorbance could be confused with 
the more pathogenic AGs, resulting in an incorrect pathogen identification. 
However, since pathogenic Rhizoctonias are most commonly found, the 
immunoassays can still be useful for pathogen monitoring. 
Use of Agri-Diagnostics™ Reveal™ rapid immunoassays for 
presymptomatic brown patch detection at golf courses has potential for reducing 
the number of preventative fungicide applications, depending upon the season 
and the site. For instance, at the Orchards Golf Course in 1989, a 
recommendation for one fungicide application was given but not heeded. The 
fairways not included in this study received three brown patch applications. The 
cooperating golf course superintendents need to have more confidence in the 
immunoassay thresholds for the kits to be useful. Superintendents are 
particularly reluctant to risk highly maintained and easily damaged greens and 
tees. 
The 1989 EPM plots were not a good demonstration because of the 
insensitivity of the immunoassay and limited disease development. The 1990 
study demonstrated that the immunoassay thresholds could be used to reduce 
disease to an acceptable level at the preventative or curative thresholds. The 
results from the IPM plots demonstrate that application of chlorothalonil is an 
effective means of managing brown patch, since the mean percent of infection for 
both the preventative and curative treatments was extremely low relative to that 
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observed in the control plots. The amount of disease in the control plots would 
be commercially unacceptable. 
Conclusions 
Immunoassays, coupled with the brown patch predictive environmental 
model, could make it possible to predict when the first application of fungicide in 
a preventative program should be made and when reapplications or curative 
applications should be applied. By following the weather forecast closely, 
turf grass managers can make the decision to apply a fungicide when rain is 
predicted, thereby averting brown patch outbreaks. 
For instance, in 1990, air and soil temperatures and high RH episodes 
occurred several times beginning in June, but severe disease did not occur until 
July, when the critical factor of precipitation accompanied the other 
environmental requirements. If turf managers gain confidence in the model 
predictions, significant reduction in the number of fungicide applications made 
may be possible in some seasons. 
There is also potential for extending fungicide application intervals. A 
brown patch fungicide application can protect turfgrass for 14 to 30 days 
depending on the material, environmental conditions, mowing practices, traffic, 
fertility, and other factors. When the environmental parameters predict disease, 
pathogen activity can be confirmed with immunoassays, which aid in fungicide 
application decisions. The immunoassay confirmation determines if the fungicide 
is still active. 
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Future Studies 
Future studies could continue to investigate the biology of Rhizoctonias in 
turfgrass and the prediction of brown patch using environmental parameters and 
immunoassays. Future investigation of the role of AG and temperature on 
infection period is certainly warranted. The competitive interactions among the 
various AGs of R. solani. as well as the interactions between BRLF and the 
various AGs, and how these affect their survival are important. Much is known 
about the pathogenic Rhizoctonias but the role of weakly pathogenic BRLF on 
turfgrass and other crops, a more thorough identification of them, and their 
potential as biocontrol agents would be useful studies. 
Soil temperature has been shown to be important in strawberry and potato 
systems involving Rhizoctonia species. Further study should be done on the 
effect of soil temperature and moisture on the Rhizoctonias on turfgrass and to 
determine the soil temperature optima for the different AGs and BRLF. There 
may be exudates that serve as attractants to the mycelia as in the strawberry 
black root rot system, and soil temperature may affect what substances are 
released in the root and blade exudates. 
The environmental model for predicting brown patch could include 
another important parameter, soil moisture. The model assumes that the soil is 
moist for at least 36 hours after a significant precipitation event. It would be 
helpful to know what soil moisture level is optimal for brown patch outbreaks. A 
meter for more reliable leaf wetness detection also needs to be developed. The 
current apparatus is fragile and needs to be moved out of the path of a mower, 
which is inconvenient and provides unreliable results. Fungicide attenuation 
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models could also be developed based on environmental parameters monitored 
by the EnvirocasterR. 
There are some current limitations to computerized disease prediction 
models. While providing insight about environmental effects on pathogen activity, 
this model does not consider the amount of inoculum, fertility, and variation in 
cultivar susceptibility (Shane, 1990). Future studies could address the effects of 
nitrogen application effects on brown patch. As the predictive disease models 
become more sophisticated, the predictions will become more precise and, thus, 
more useful in practical turfgrass management. 
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APPENDIX A 
ANALYSIS OF VARIANCE RESULTS FOR RADIAL GROWTH STUDIES 
Table 13. Results of Analysis of Variance for mycelial radial growth 
experiments A and B, after 72 hr incubation at 12, 22, and 28 C. ** 
significant at 0.01, * = significant at 0.05, NS = not significant. 
Experiment A 
Sum of 
12 C DF Squares Mean Square F Value Pr > F 
AG 3 700.391 233.464 36.26 
Error 26 167.403 6.439 
Corrected Total 29 867.794 R-Square 0.807 
Sum of 
22 C OF Sauares Mean Square F Value Pr > F 
AG 3 1390.865 463.622 19.66 ★ ★ 
Error 26 613.177 23.584 
Corrected Total 29 2004.042 R-Square 0.694 
Sum of 
28 C DF Squares Mean Square F Value Pr > F 
AG 3 1168.881 389.627 15.26 
Error 26 663.986 25.538 
Corrected Total 29 1832.867 R-Square 0.638 
Experiment B 
Sum of 
12 C OF Squares Mean Square F Value Pr > F 
AG 3 682.372 227.457 36.47 ** 
Error 50 311.836 6.237 
Corrected Total 53 994.208 R-Square 0.686 
Sum of 
22 C DF Squares Mean Square F Value Pr > F 
AG 3 1661.794 553.932 36.41 kk 
Error 50 760.674 15.213 
Corrected Total 53 2422.468 R-Square 0.686 
Sum of 
28 C DF Squares Mean Square F Value Pr > F 
AG 3 788.233 262.744 23.80 ** 
Error 50 551.975 11.040 
Corrected Total 53 1340.208 R-Square 0.588 
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Table 14. Mean radial growth and standard deviation (SD) of Rhizoctonia 
spp. included in experiments A and B, after 72 hr incubation at 12, 22, 
and 28 C. 
Experiment A 
12 C AG N Mean SD 
1 6 21.833 0.753 
2-2 9 8.810 2.102 
4 6 13.417 1.497 
bi 9 10.111 3.841 
22 C AG N Mean SD 
1 6 42.500 0.000 
2-2 9 34.917 4.510 
4 6 38.792 2.848 
bi 9 24.500 7.158 
28 C AG N Mean SD 
1 6 42.500 0.000 
2-2 9 40.694 2.957 
4 6 40.083 3.826 
bi 9 27.528 8.069 
Experiment B 
12 C AG N Mean SD 
1 18 20.806 2.316 
2-2 15 13.600 2.293 
4 9 13.667 1.000 
bi 12 12.667 3.725 
22 C AG N Mean SD 
1 18 42.222 0.878 
2-2 15 41.333 1.749 
4 9 40.667 2.264 
bi 12 28.292 7.768 
28 C AG N Mean SD 
1 18 41.972 1.323 
2-2 15 41.933 1.193 
4 9 40.889 3.257 
bi 12 32.583 6.160 
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APPENDIX B 
ANALYSIS OF VARIANCE RESULTS FOR PATHOGENICITY EXPERIMENTS 
Table 15. Results of Analysis of Variance for pathogenicity experiments 
A and B, for days 3, 5, and 7, including 12, 22, and 28 C. ** = 
significant at 0.01, * = significant at 0.05, NS = not significant. 
Experiment A 
Source DF 
Sum of 
Sauares 
Mean 
Square F Value Pr > F 
ANAST 2 44.481 22.241 18.20 kk 
TEMP 2 582.704 291.352 238.38 ★★ 
ANAST*TEMP 4 32.407 8.102 6.63 
Error 45 55.000 1.222 
Corrected Total 53 714.593 R-Square 0.923 
Day 5 Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 49.037 24.519 27.24 *★ 
TEMP 2 656.926 328.463 364.96 kk 
ANAST*TEMP 4 29.630 7.407 8.23 kk 
Error 45 40.500 0.900 
Corrected Total 53 776.0926 R-Square 0.948 
Day 7 Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 45.370 22.685 21.19 ★ ★ 
TEMP 2 489.815 244.907 228.81 ** 
ANAST*TEMP 4 90.741 22.685 21.19 ** 
Error 45 48.167 1.070 
Corrected Total 53 674.093 R-Square 0.929 
Experiment B 
Day 3 Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 64.233 32.117 11.00 ★ ★ 
TEMP 2 1021.956 510.978 175.01 ★ ★ 
ANAST*TEMP 4 39.933 9.983 3.42 k 
Error 81 236.500 2.920 
Corrected Total 89 1362.622 R-Square 0.826 
Day 5 Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 82.794444 41.397222 40.69 ** 
TEMP 2 1110.866667 555.433333 545.89 kk 
ANAST*TEMP 4 131.522222 32.880556 32.32 kk 
Error 81 82.416667 1.017490 
Corrected Total 89 1407.600000 R-Square 0.9414 
Day 7 Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 175.0000000 87.5000000 256.17 
★ ★ 
TEMP 2 642.2222222 321.1111111 940.12 
kk 
ANAST*TEMP 4 350.0000000 87.5000000 256.17 
kk 
Error 81 27.666667 0.341564 
Corrected Total 89 1194.888889 R-Square 0.9768 
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Table 16. Results of Analysis of Variance for pathogenicity experiments 
A and B, for days 3, 5, and 7, including 22 and 28 C. ** = significant 
at 0.01, * = significant at 0.05, NS = not significant. 
Experiment A 
Day 3 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
AKA ST 2 66.722 33.361 18.20 tt 
TEMP 1 4.000 4.000 2.18 NS 
ANAST*TEMP 2 10.167 5.083 2.77 NS 
Error 30 55.000 1.833 
Corrected Total 35 135.889 R-Square 0.595 
Day 5 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
ANAST 2 18.000 9.000 18.41 ** 
TEMP 1 1.778 1.778 3.64 NS 
ANAST*TEMP 2 1.556 0.778 1.59 NS 
Error 30 14.667 0.489 
Corrected Total 35 36.000 R-Square 0.593 
Day 7 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
ARAST 2 0 0 99999.99 NS 
TEMP 1 0 0 99999.99 NS 
ANAST*TEMP 2 0 0 99999.99 NS 
Error 30 0 0 
Corrected Total 35 0 R-Square 0.0 
Experiment B 
Day 3 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
ANAST 2 96.350 48.175 11.00 
TEMP 1 4.267 4.267 0.97 NS 
ANAST*TEMP 2 7.817 3.908 0.89 NS 
Error 54 236.500 4.380 
Corrected Total 59 344.933 R-Square 0.314 
Day 5 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
ANAST 2 1.225 0.613 3.71 * 
TEMP 1 0.817 0.817 4.95 * 
ANAST*TEMP 2 1.225 0.613 3.71 * 
Error 54 8.917 0.165 
Corrected Total 59 12.183 R-Square 0.268 
Day 7 Results 
Sun of Mean 
Source DF Sauares Sauare F Value Pr > F 
ANAST 2 0 0 99999.99 NS 
TEMP 1 0 0 99999.99 NS 
ANAST*TEMP 2 0 0 99999.99 NS 
Error 54 0 0 
Corrected Total 59 0 R-Square 0.0 
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Table 17. Results of Analysis of Variance for pathogenicity experiments 
A and B, for days 3 and 5, including 22 and 28 C. ** = significant at 
0.01, * = significant at 0.05, NS = not significant. 
Experiment A 
Day 3 and 5 Mean Results 
Sum of Mean 
Source DF Squares Square F Value Pr > F 
ANAST 2 20.681 10.340 18.07 
TEMP 1 2.778 2.778 4.85 ★ 
ANAST*TEMP 2 2.681 1.340 2.34 NS 
Error 30 17.167 0.572 
Corrected Total 35 43.306 R-Square 0.604 
Experiment B 
Day 3 and 5 Mean Results 
Sum of Mean 
Source DF Sauares Square F Value Pr > F 
ANAST 2 29.382 14.691 11.66 ★★ 
TEMP 1 2.204 2.204 1.75 NS 
ANAST*TEMP 2 2.640 1.320 1.05 NS 
Error 54 68.021 1.260 
Corrected Total 59 102.246 R-Square 0.3347 
Table 18. Mean disease severity values and standard deviation (SD) for 
pathogenicity experiments A and B, for days 3, 5, and 7, including 12, 
22, and 28 C. 
Experiment A 
12 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 0.000 0.000 4.500 1.517 7.500 1.378 
2 12 0.000 0.000 0.500 1.225 1.667 2.251 
4 6 0.000 0.000 0.833 1.169 1.667 1.633 
22 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 5.333 1.033 9.833 0.408 10.000 0.000 
2 12 7.000 1.673 7.833 0.753 10.000 0.000 
4 6 7.500 1.871 9.667 0.817 10.000 0.000 
28 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 5.167 0.753 9.833 0.408 10.000 0.000 
2 12 7.000 1.673 8.833 1.169 10.000 0.000 
4 6 9.667 0.516 10.000 0.000 10.000 0.000 
Experiment B 
12 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 0.000 0.000 5.667 2.462 9.333 0.888 
2 12 0.000 0.000 0.000 0.000 0.167 0.389 
4 6 0.000 0.000 0.833 1.169 2.667 1.862 
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continued, next page 
Table 18 continued 
22 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 7.750 1.545 10.000 0.000 10.000 0.000 
2 12 5.333 2.387 9.417 0.900 10.000 0.000 
4 6 8.167 1.330 10.000 0.000 10.000 0.000 
28 C Day 3 Day 5 Day 7 
AG N Mean SD Mean SD Mean SD 
1 12 7.500 2.355 10.000 0.000 10.000 0.000 
2 12 6.083 2.644 10.000 0.000 10.000 0.000 
4 6 9.833 0.408 10.000 0.000 10.000 0.000 
Table 19. Single degree of freedom contrasts for pathogenicity 
experiments A and B, for days 3, 5 and 7, including 12, 22, and 28 C. 
SS = sum of squares. ** = significant at 0.01, * = significant at 0.05, 
NS = not significant. 
Experiment A 
- TEMP=12 - 
DAY 3 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4 1 0 0 99999.99 NS 
DAY 5 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 48.000 48.000 27.87 
AG1 VS AG4 1 40.333 40.333 23.42 ★ ★ 
AG2 VS AG4 1 0.333 0.333 0.19 NS 
DAY 7 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 102.083 102.083 31.79 
AG1 VS AG4 1 102.083 102.083 31.79 
AG2 VS AG4 1 0.000 0.000 0.00 NS 
DAY 3 
Contrast DF 
- TEMP=22 - 
Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 8.333 8.333 3.39 NS 
AG1 VS AG4 1 14.083 14.083 5.74 ★ 
AG2 VS AG4 1 0.750 0.750 0.31 NS 
DAY 5 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 12.000 12.000 25.71 ★ * 
AG1 VS AG4 1 0.083 0.083 0.18 NS 
AG2 VS AG4 1 10.083 10.083 21.61 ★ ★ 
continued, next page 
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Table 19 continued 
DAY 7 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4 1 0 0 99999.99 NS 
DAY 3 
Contrast DF 
- TEMP=28 - 
Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 10.083 10.083 8.33 ★ 
AG1 VS AG4 1 60.750 60.750 50.16 
AG2 VS AG4 1 21.333 21.333 17.61 ★ ★ 
DAY 5 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 3.000 3.000 5.87 * 
AG1 VS AG4 1 0.083 0.083 0.16 NS 
AG2 VS AG4 1 4.083 4.083 7.99 ★ 
DAY 7 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4 1 0 0 99999.99 NS 
Experiment B 
- TEMP=12 
DAY 3 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4 1 0 0 99999.99 NS 
DAY 5 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 192.667 192.667 70.78 ★ ★ 
AG1 VS AG4 1 93.444 93.444 34.33 *★ 
AG2 VS AG4 1 2.778 2.778 1.02 NS 
DAY 7 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 504.167 504.167 492.02 
AG1 VS AG4 1 177.778 177.778 173.49 ** 
AG2 VS AG4 1 25.000 25.000 24.40 
- TEMP 22 
DAY 3 
Contrast DF Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 35.042 35.041 9.68 
★★ 
AG1 VS AG4 1 0.694 0.694 0.19 NS 
AG2 VS AG4 1 32.111 32.111 8.87 
continued, next page 
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Table 19 continued 
DAY 5 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 2.042 2.042 6.18 ★ 
AG1 VS AG4 1 0.000 0.000 0.00 NS 
AG2 VS AG4 1 1.361 1.361 4.12 NS 
DAY 7 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4 1 0 0 99999.99 NS 
DAY 3 
Contrast DF 
- TEMP=28 - 
Contrast SS Mean Square F Value Pr > F 
AG1 VS AG2 1 10.083 10.083 8.33 NS 
AG1 VS AG4 1 60.750 60.750 50.16 ★ 
AG2 VS AG4 1 21.333 21.333 17.61 
DAY 5 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 3.000 3.000 5.87 NS 
AG1 VS AG4 1 0.083 0.083 0.16 NS 
AG2 VS AG4 1 4.083 4.083 7.99 NS 
DAY 7 
Contrast DF Contrast SS Mean Sauare F Value Pr > F 
AG1 VS AG2 1 0 0 99999.99 NS 
AG1 VS AG4 1 0 0 99999.99 NS 
AG2 VS AG4^ 1 0 0 99999.99 NS 
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APPENDIX C 
ANALYSIS OF VARIANCE RESULTS FOR MULTIWELL ELISA 
DETECTION OF RHIZOCTONIA SPP. 
Table 20. Results of Analysis of Variance for multiwell detection of 
Rhizoctonia spp. used in pathogenicity experiments A and B, not 
including positive and negative controls. ** = significant at 0.01, * 
= significant at 0.05, NS = not significant. 
Experiment A 
Sum of 
Source DF Sauares Mean Sauare F Value Pr > F 
AG 4 5.694 1.423 16.38 ★ ★ 
Error 17 1.477 0.087 
Corrected Total 21 7.170 R-Square 0.794 
Experiment B 
Sum of 
Source DF Sauares Mean Sauare F Value Pr > F 
AG 6 13.267 2.211 29.55 
Error 45 3.368 0.075 
Corrected Total 51 16.637 R-Square 0.798 
Table 21. Mean absorbance and standard deviations (SD) for multiwell 
nicity experiments A and B 
Positive (pos.) and negative 
detection of Rhizoctonia spp. used in patho 
BRLF = binucleate Rhizoctonia-1ike fungi. 
(neg.) controls were included. 
Experiment A 
-ABSORBANCE- 
AG N Mean SD 
1 3 1.796 0.043 
2-2 3 1.239 0.067 
4 4 1.769 0.014 
BRLF 9 0.590 0.426 
neg. 7 0.046 0.036 
pos. 7 1.325 0.026 
Experiment B 
-ABSORBANCE- 
AG N Mean SD 
1 14 1.926 0.074 
2-2 12 1.569 0.056 
4 6 1.826 0.172 
BRLF 9 1.162 0.623 
neg. 4 0.015 0.028 
pos. 4 1.441 0.052 
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APPENDIX D 
PREDICTIVE BROWN PATCH MODEL ENVIRONMENTAL DATA FROM 1989 
Table 22. Mean (X) and minimum (Min) air and soil temperatures within a 
24 hour period prior to the tenth hour of high relative humidity (RH), 
total precipitation (PptSum) measured over a 36 hour period, infection 
risks, and symptoms during the summer of 1989 at the University of 
Massachusetts Turf Research Facility in South Deerfield, MA. Numbers in 
boldface satisfied parameters of the model. RH>95 = duration of high RH 
period, Mod RH = number of hours of high RH model considers. 
Date RH>95 Hod RH XAir Min Air PDtSum XSoll Min Soil Infection Risk Symptoms 
5/23-24 12 10 17.2 11.8 51.31 50.6 50.6 low 
5/24-25 17 10 13.4 11.8 80.51 50.6 50.6 low 
5/26-27 12 10 19.2 15.3 0.25 50.6 50.6 low 
5/28-29 9 9 11.5 4.0 0 50.6 50.6 low 
5/31 6 6 18.8 16.2 0 50.6 50.6 low 
5/31-1 20 10 20.0 16.2 8.13 50.6 50.6 moderate 
6/1-2 9 9 21.5 16.0 4.58 50.6 50.6 low 
6/2-3 10 10 19.3 11.6 6.09 50.6 50.6 low 
6/3 2 2 19.3 11.6 6.09 50.6 50.6 low 
6/3-4 5 5 20.4 16.0 0 50.6 50.6 low 
6/4-5 9 9 16.8 7.0 0 50.6 50.6 low 
6/6-7 31 10 18.0 14.9 24.11 50.6 50.6 low 
6/7-8 19 10 16.9 14.5 13.96 50.6 17.8 low 
6/8-10 39 10 17.8 14.7 14.21 19.7 17.3 low 
6/11-12 9 9 14.7 8.3 0 18.3 14.5 low 
6/12 3 3 17.0 8.3 0 19.7 14.5 low 
6/13-14 29 10 17.3 14.7 15.23 20.2 17.8 low 
6/14-16 40 10 15.9 11.8 5.33 19.3 14.9 low 
6/16-17 17 10 15.0 11.2 19.04 16.9 14.3 low 
6/17-8 11 10 20.3 16.0 1.77 20.8 17.3 low 
6/18-9 11 10 18.8 12.3 0.25 21.4 17.6 low 
6/19-20 13 10 19.9 14.0 0.76 23.2 17.6 low 
6/20-21 9 9 20.8 15.6 0 23.6 20.0 low 
6/21-22 13 10 21.5 16.9 0 23.6 20.2 moderate 
active mycel 6/22-23 16 10 23.5 18.9 1.27 26.4 22.0 mod/high 
6/23-24 14 10 22.8 18.4 24.89 26.4 22.6 high brown patches 
6/24-25 14 10 18.7 14.0 22.35 23.1 20.0 moderate brown patches 
6/25-26 14 10 19.9 14.7 0 24.5 20.0 low 
6/26-27 15 10 21.8 14.7 2.29 25.6 20.6 mod/high 
6/27-28 14 10 25.2 21.5 2.54 27.8 24.4 high 
6/28-29 10 10 19.6 13.8 1.26 24.0 20.4 moderate 
6/30 
7/1 4 
DATA MISSING 
4 18.8 12.7 0 23.2 19.5 low 
7/2 3 3 19.4 14.5 0 23.3 19.5 low 
7/2-3 12 10 21.4 14.5 0 25.2 19.8 low 
7/4 12 10 20.9 16.0 0 25.9 22.2 low 
7/4-6 43 10 20.1 16.0 0 23.9 22.2 moderate 
7/6-7 16 10 21.3 18.0 5.32 23.6 21.1 high 
brown patches 7/7-8 13 10 22.6 18.9 2.53 25.6 22.0 high 
7/8-9 14 10 19.2 12.5 1.01 24.5 20.2 low 
brown patches 7/9-11 37 10 18.5 12.5 0 23.6 20.0 low/high 
7/11-12 11 10 19.5 11.4 0.25 23.0 18.9 low 
7/12-13 13 10 19.0 12.5 0 23.0 18.9 low 
7/14 10 10 20.9 16.2 4.57 24.1 19.3 high 
7/14-15 14 10 19.1 13.4 2.54 23.6 20.4 moderate 
7/15-16 12 10 19.2 13.4 0.25 24.3 19.8 low 
7/16-17 16 10 19.1 14.3 12.96 22.8 20.0 mod/high 
smoke rings 7/17-18 16 10 17.2 14.7 14.49 20.8 19.3 low 
7/21-22 DATA MISSING 24.00 on 7/20 
Continued, next page. 
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Table 22 conti nued 
Date RH>95 Mod RH XAi r Min Air PDtsum 
7/22-23 14 10 23.4 18.7 0 
7/23-24 14 10 23.1 16.4 0 
7/24-25 14 10 22.2 16.2 0 
7/25-26 13 10 24.5 18.2 0 
7/26-27 14 10 25.1 19.1 9.38 
7/27-28 12 10 25.5 20.9 23.59 
7/28-29 11 10 19.0 11.8 14.71 
7/29-30 15 10 18.0 11.8 0.25 
7/30-31 19 10 17.3 12.7 1.02 
7/31-1 12 10 19.5 14.3 0.25 
8/1-2 15 10 19.6 13.6 5.84 
8/2-3 13 10 21.1 14.9 0.50 
8/3-4 15 10 22.8 16.0 0.50 
8/5 12 10 26.4 24.4 0 
8/5-6 15 10 24.5 20.2 2.03 
8/6-7 15 10 23.8 19.3 3.81 
8/7 6 6 20.6 15.6 5.58 
8/8 2 2 18.7 11.2 5.58 
8/8-9 12 10 14.9 8.1 1.27 
8/9-10 16 10 16.2 8.3 0 
8/10-14 89 10 18.2 11.6 10.67 
8/14-15 16 10 22.2 18.9 1.52 
8/15-16 15 10 23.6 20.2 1.52 
8/16-17 14 10 21.4 14.7 1.52 
8/17-18 13 10 19.4 13.8 0.25 
8/18-19 13 10 19.2 14.3 0.25 
8/19-20 11 10 21.0 18.0 1.00 
8/20-21 14 10 21.5 18.0 1.25 
8/21-22 10 10 22.2 15.8 0 
8/22-23 13 10 21.7 17.3 3.05 
8/23-24 9 9 19.4 11.8 7.87 
8/25 8 8 16.2 7.3 14.72 
8/25-26 13 10 13.4 7.3 14.47 
8/26-27 12 10 16.7 6.6 0 
8/28 4 4 17.2 11.8 0 
8/29 8 8 19.7 16.2 0.25 
8/29-30 15 10 19.2 16.9 4.07 
8/30-31 11 10 19.0 11.4 6.10 
8/31-1 13 10 16.4 10.3 0 
XSoil Min Soil Infection Risk Symptoms 
25.0 21.1 moderate 
26.4 22.4 moderate 
25.4 22.0 moderate 
27.1 22.4 mod/high smoke rings 
27.8 24.0 high smoke rings 
27.7 24.4 high 
25.1 19.8 moderate 
23.9 19.8 low 
22.3 20.2 low 
23.6 19.5 low 
24.3 19.8 moderate 
24.6 20.4 mod/high 
25.3 21.3 moderate 
26.5 24.9 moderate blighted tips 
26.5 24.0 moderate blighted tips 
26.8 23.8 high smoke rings 3 pm 
24.7 22.2 moderate 
23.7 19.1 low smoke rings 
21.4 17.3 low 
21.8 17.3 low 
22.4 18.2 high smoke rings 
23.7 21.1 moderate smoke rings 
24.8 21.8 moderate smoke rings 
24.5 20.9 low smoke rings 
23.9 20.2 low smoke rings 
22.7 16.7 low 
23.3 21.3 moderate 
23.4 21.3 moderate 
23.6 20.9 moderate 
22.6 20.6 hi gh smoke rings 
22.9 18.7 low 
21.0 15.1 low 
19.3 15.1 low 
20.0 14.9 low 
20.2 15.3 low 
21.4 18.2 low 
20.7 19.5 moderate 
21.7 17.8 low 
19.8 17.1 low 
87 
APPENDIX E 
PREDICTIVE BROWN PATCH MODEL ENVIRONMENTAL DATA FROM 1990 
Table 23. Mean (X) and minimum (Min) air and soil temperatures within a 
24 hour period prior to the tenth hour of high relative humidity (RH), 
total precipitation (PptSum) measured over a 36 hour period, infection 
risks, and symptoms during the summer of 1990 at the University of 
Massachusetts Turf Research Facility in South Deerfield, MA. Numbers in 
boldface satisfied parameters of the model. RH>95 = duration of high RH 
period, Mod RH = number of hours of high RH model considers, * = did not 
visit. 
Date RH>95 Mod RH XAir Min Air PDtSuni XSoil Min Soil Infection Risk SvmDtoms 
5/4-5 14 10 12.2 6.8 17.01 15.1 11.0 low 
5/7 6 6 9.3 3.6 0 13.8 9.9 low 
5/7-0 10 10 9.4 6.0 2.02 11.8 9.7 low 
5/10 4 4 17.8 13.8 9.14 16.5 13.8 low 
5/10-11 12 3 14.3 5.7 39.11 15.1 11.6 low 
5/13 10 10 10.9 7.5 22.59 13.6 10.7 low 
5/13 2 2 11.1 7.5 23.35 12.6 10.7 low 
5/14 
5/17-19 
7 7 
DATA 
13.1 
MISSING 
5.5 9.65 17.3 11.8 low 
5/20 3 3 9.7 5.1 2.54 13.6 11.0 low 
5/20-21 15 5 7.7 5.7 16.76 11.2 9.7 low 
5/21 6 6 5.9 5.5 18.03 9.7 8.8 low 
5/27 5 5 15.4 5.7 0 18.0 12.9 low 
5/28 3 3 14.7 7.0 0 18.4 13.8 low 
6/4 7 7 19.3 17.1 4.56 19.9 18.4 low 
6/8-9 2 2 16.0 13.4 3.80 18.1 16.4 low 
6/9-10 10 10 17.9 14.0 3.79 18.6 16.4 low 
6/11 3 3 17.9 13.4 2.53 20.4 17.1 low 
6/11-12 5 5 12.6 8.1 5.34 16.8 13.6 low 
6/14-15 8 8 16.6 13.8 1.76 18.7 16.9 low 
6/16 3 3 20.1 13.8 1.51 22.7 17.1 low 
6/19-20 8 8 20.4 16.4 4.32 23.3 20.0 moderate 
6/20-21 4 4 20.3 16.7 4.82 23.2 20.0 low 
6/21-22 5 5 19.5 14.7 1.52 22.3 18.9 low 
6/24 7 7 20.9 18.7 6.09 22.9 21.3 moderate 
6/25 6 6 19.7 12.7 3.05 23.5 19.1 low 
6/25-26 9 9 17.3 11.0 5.34 22.5 18.7 low 
6/27 2 2 20.9 14.9 0.25 24.4 19.1 low 
6/28 3 3 20.8 12.9 2.79 23.5 19.3 low 
6/29-30 13 10 17.3 10.3 12.44 20.2 17.6 low 
6/30-1 8 8 17.8 13.8 12.44 20.8 18.4 low 
7/3 3 3 18.1 11.8 0.75 21.9 18.0 low 
7/7 5 5 15.6 8.8 3.81 21.2 16.0 low 
7/9 3 3 20.5 17.6 7.87 22.6 19.8 low 
7/9-10 5 5 22.7 16.4 7.87 23.6 19.8 low 
7/12 12 10 16.3 11.2 11.43 20.1 17.3 low 
7/12-13 13 10 14.9 12.5 23.10 18.2 17.3 low 
7/14 8 8 18.3 14.3 9.14 21.9 18.2 low 
7/16 3 3 23.8 19.8 11.94 24.7 21.1 low 
7/17 3 3 21.8 16.0 10.41 24.4 20.0 low 
7/18 5 5 22.2 17.1 11.18 25.1 20.4 low 
7/19 2 2 24.5 18.4 9.14 26.1 20.9 low 
patches 7/20 7 7 23.0 17.3 6.09 25.2 21.3 moderate 
7/20-21 13 10 22.9 17.3 14.22 24.8 21.3 high active raycelinn 
7/21-22 10 10 22.3 16.4 3.55 26.4 21.5 high 
* 
7/22-23 13 10 23.1 17.1 97.02 25.9 21.5 high 
* 
7/23-24 12 10 22.6 18.9 97.54 24.3 22.2 high smoke rings 3pm 
7/24-25 11 10 21.4 18.0 4.33 24.0 21.3 high smoke rings 4pm 
Continued, next page. 
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Table 23 continued 
Date RH>95 Mod RH XAir Min Air Potsum XSoil Min Soil Infection Risk SymDtoms 
7/25-26 8 8 22.8 18.2 5.84 25.7 21.3 high smoke rings 4pm 
7/26-27 12 10 23.1 18.0 9.40 25.9 21.5 high smoke rings 
7/27-28 10 10 21.7 16.9 6.35 25.5 21.5 high smoke rings 
7/28-29 10 10 22.0 16.7 1.77 25.5 22.0 hi gh smoke rings 
7/29-30 10 10 22.2 16.7 6.60 26.7 22.6 high smoke rings 
7/30-31 11 10 20.8 15.6 10.92 26.1 21.8 hi gh fading 
8/2 3 3 18.5 11.2 4.57 23.2 18.0 low 
8/2-3 8 8 20.1 13.8 4.81 23.2 18.7 low 
8/3-4 8 8 21.7 14.9 6.09 25.6 20.2 mod/high 
8/5 3 3 22.5 15.8 6.34 25.8 20.6 low 
8/5-7 42 10 21.9 18.9 9.13 24.8 22.2 high 
8/7-8 13 10 20.8 16.9 65.27 22.2 21.1 high smoke rings 
8/8-9 10 10 21.5 15.6 0 25.4 20.6 hi gh smoke rings 
8/9-10 9 9 22.4 19.1 2.03 25.9 21.5 hi gh smoke rings 
8/10-11 22 10 20.7 19.1 58.42 23.5 22.0 high smoke rings 
8/11-12 12 10 22.7 19.1 49.27 25.7 22.0 hi gh fading 
8/12-13 14 10 21.7 16.4 6.35 26.6 22.4 hi gh 
8/13-14 6 6 22.5 16.4 10.91 25.2 22.4 hi gh smoke rings 
8/14-15 12 10 18.7 13.4 10.40 24.4 20.6 moderate 
8/15-16 11 10 18.7 13.6 1.01 24.2 20.4 low fading 
8/16-17 13 10 21.0 14.9 1.01 25.2 20.4 moderate 
8/17-18 10 10 23.4 19.5 2.79 24.5 19.3 high smoke rings 
8/19 10 10 21.7 13.8 24.90 24.0 20.9 moderate smoke rings 
8/19-20 13 10 14.2 11.8 23.63 20.1 17.3 moderate smoke rings 
8/21-22 12 10 15.3 11.8 0 19.8 17.3 low 
8/22-23 9 9 18.1 12.3 0 22.3 17.3 low 
8/23-24 20 10 17.8 14.9 4.56 20.8 19.1 moderate k 
8/24-25 15 10 19.7 18.0 45.46 21.2 20.0 moderate * 
8/25-26 14 10 20.1 18.0 38.35 22.0 19.8 hi gh k 
8/26-27 14 10 21.7 17.8 0.25 24.5 20.6 moderate smoke rings 
8/27-28 13 10 22.5 17.8 1.77 25.6 21.3 moderate •k 
8/28-29 7 7 22.7 17.3 5.08 25.6 21.8 moderate k 
8/29-30 11 10 20.0 13.4 3.30 24.2 19.8 moderate k 
8/30-31 12 10 18.1 12.1 0.50 24.1 19.5 low k 
8/31-91 12 10 17.2 11.2 3.30 23.6 18.7 moderate k 
9/2 4 4 20.5 14.9 1.27 23.9 19.5 low 
9/3-4 11 10 16.0 10.5 0 22.6 18.4 low 
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